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Mathematical Tables, 


CON TRIVED IN AN 


EASY and COMPREHENSIVE MANNER, | 


CONTAINING | 
Dr. WaLLis's Account of LOGARITHMS, 


And various Methods of computing them, according 
to the lateſt Improvement, Viz. 


| A Taztz of LOGARITHMS of NUMBERS 


From x to io1000, 


With the Means to find readily the Logarithm of any 
Number, or the Number for the L to Seven 


Places of Figures. 
my AND 


TANGENTS, &c. 


To every Degree and Minute of the Quadrant; by 
| Inſpection, and with very little Trouble (by help of 
proper Multipliers) to every ſingle Second thereof. 


- II 
EXPLICATION and USE prefixed. | 


[TABLES of natural and logarithmic SINE Ss, 


The FIFTH EDITION. 


4 Sad 2 - F 
3 . an i. £ Lv _— EET = . 


Reviſed, corrected, and improved 
By SAMUEL CLARK. 


— — —g. e ö 
—— — — Po 


LONDON: 4 
Printed for J. MOUNT and T. PAGE, on 


Tower - Hill, M., DCC, LXXII. 
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ER RAT 


Page 24 — Line laſt but one, for 2/1 read 12/. 


39450 599 (595 | 
| 57793 8852 Ox 
In Log. of 4 60844 þ for 3 read + 8 in Units Place 
: 64445 1992 1892 
69140 7094. _ C7292. 


In the Log. of Verſed-fine of 869 1 77, for the 3 read 8. 


The Products (after cutting off the proper Decimals) which ariſe 
by uſing the Factors to the Natural Co- ſines and Co- tangents, from 
the beginning of the Table to 60 Minutes incluſive, are to be added 
to or ſubtracted from (as occaſion may require) thoſe Figures only 
which are to the Left-hand of the ſeparating Point. In the other 
Parts of the Table, the Method deſcribed in.the Advertiſement always 


takes P ] acc. 
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To this Right Honourable 


$18 EDWARD HAWKE, K. B. 


AND THE OTHER 


LORDS COMMISSIONERS 


For executing the high and important Office of 


ADMIRAL of GREAT-BRITAIN. 


This improved Edition of SHER WIN's Mathematical : 
Tables, deſigned for the uſe of the | | 


OFFICERS or His MAJESTY's NAVY, 


In afſertaining the Longitude at Ben f i mall 
| humbly inſcribed by their 
LORDSHIPS 
obedient Serv anf, | 


SAMUEL CLARK. 


My. | 
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Mr. SHERWINGs 
P R E F A 0 E. 


% E RE the Conſtruſtiom and Uſe of the 
4 i following Tables known to every Body, they 

VANE | might have come forth in the World with- 
out any Introductory Diſcourſe; but as that Know- 
ledge is the Share of very few, it may be proper to add 
ſomething upon both thoſe Heads: And what is here 
preſented is gathered from the moſt celebrated Au- 
thors that have improved theſe Subjects amongſt our 
ſelves, viz. Mr. BRI GGS, Dr. War TISs, and Mr. 
HALLE, the Three Profeſſers of Geometry in the 
Savilian Chair at Oxford: To lead the Reader on from 
the Beginning, we give him the 12th Chapter of Dr. 
WALL IS's Algebra, which treats of the Original of 
Logarithms, and gives a full Hiſtory of their Progreſs. 
To this is ſubjoin d Mr. Harrey's Compendious 
Method of making Logarithms, which proceeds ab- 
ſtractedly from the Nature of Numbers, without any 
regard to the Hyperbola; from which. is deduced for 
Practice the making of the Natural, and Mr. Br1ccs's: 
With the further Proſecution. of the ſame Subject, 
_ generouſly communicated by the ingenious and un- 
wearied Mr. ABR. SHARP, with his Table of Loga- 
tag to above fifty Figures; as alſo the Hyperbolic 


Loga rithm ö 


The P R E 5 A TE E. 
Lacarithin of 10 to 80, and it's Reciprocal, to 65 55 
Then follows, by the ſame Hand, the Conſtruction of 
the Sines, Tangents and Secants, with the whole 
Proceſs of the Quadrature of the Citcle to 72 Figures : : 
Which Quadrature was invented, and here demonſtrat- | 
ed, by the abovementioned Mr. HAL LEV. . 

To come to the principal Part of the Performance; 
as to the Tables, we may venture to ſay cede: 
Partiality) that we offer here a more- compleat Set 
of them than can be found in any other Book now 
Extant, and doubt not, but upon careful Peruſal, they 
will be found as Uſeful and Correct. The Method 
we obſerved in Printing the Logarithms is according 
to that excellent Abbreviation of Dr. Jon NewrTon, 
in his Trigonometria Britannica ; to which is added,- 
the Difference between each Logarithm, and the Pro- 
portional Parts, in the laſt Column of the fame Page; 
by which the Logarithm of any Number (& contra) 
ynder 10,000,000 may be readily found, without turn- 
ing to any other Page. 

The Manner of placing the Tables of natural Sines, 
Tangents, and Secants, and their Logarithms, ; 15 ab- 
folutely New, and very Advantageous ; for to each : 
Logarithm in thoſe Tables are placed the Differences 
which are common to the Column of Logarithms on 
both Sides; by which the Seconds may be eaſily found. 
And for that End, between them and the Table or 
Logarithms, is placed a ſmall Table to convert Sex- 
age imals into Decimals, and contrarily. * : 


j , In this Edition Placed at the End of the Verte ines. | 
The 


PR HRE 

The next and chief Thing conſiderable in the Tables, 
is their Correctneſs; 
Account of the Meaſores we took to make them ſo. 
'As for the Table of Logarithms 1 it was examined from 
1 to 20000 and fromgoooo to 101,000 by Mr. Baicos's 


The 


and here we will give a particular 


Arith. Logar. Printed at London, 1624, and from 1 to 
100,000 by ADRIAN VLacgs Table, printed at 


Goudæ 1628. And to ſhew our Care herein, as well 


as for public Service, we here place a Table of the Errors 


we found (when correcting our own) in Mr. BricGs's 
and VLacg's above-mentioned Canons; and becauſe 


 Vracg's own Errata Table is found in few of his 


Books (inſomuch that Dr. New To's above-mentioned. 
Canon is printed with all his E rrors) therefore we thought 
it neceſſary to give it here with our Add.tions. Where 
Note, that ſuch of his Errors as we now found are 
marked with (a), and a ſingle one in Mr. Br166s's 
with (b); and thoſe which are common to Mr. ERIGd's 
and Viacg are marked with (B. ) 


4 5 2 Dae 


Num Logar. 22 Logar, |Num.| Logar. Num.] Logar. Num. __Logar, | 
1 806. 99870 512 86018| 9382] 3.97689 15306 17090 45090 02 5 
| 169 6704615194 19453 9706 0287011 5843 74222) 48376 a 3 ef 8 Hug 
1830 2. 262455222] 686750 997206 22698016461 62149 49502] a 27458 7 "I 
"_ 69571 0197 14961 9973 B 500 17509[B 13427 49717 2 49148 
500} 2.79034210207] 17454110050} 10313117773} 4-24 49850 64448 | 
+ 5goþ 2.7708 506257 3.79636 1006 iB 114g0ſ17730 27 15 a 32586 Bhat ont e 
908] 2.98 58 76841] 9594,00 93419119009} 92707] 5:756| a 4.76189 b inns 
12300 B. 130645941] 20444/102926 97775½9 107 25036 60400 693866 Ho — 
129806 4692569 57]B3. 8424210847 9640219113 385980 61999] a 4.79238 NN 
1309 964667775} 3.89008 5e 98337191950 811650 6209 a 16598 „ 
1321] 2817678 30] 3.89376 1003 111300832 4.31873 65160] Þ 10756 
13544 8664-13077]B co829j11332] 65658/4862 606210 66759] a 4.32450 
1355] 94567556 3.93227|1744cfB 60484230 4.45366| 67050 $2639 
1377 39403 [3642] .42620 11469}. 4.0 595233800 4.528910 73653] a 4. 86719 
. 62608 54138692] 971760119 2c 4.07627 36560 61871] 74832 a 73526 
21674 8911318332] 00604119556 9580538789] 78047 78700 7324 
12434]. 957399174 3962550123288 26257 39844/4. 6036 $0212 93451 
2 534 B 6610516 34049/123980 163203984 4. 60 3 95666 b 4.98075 het Aaw | [Fry 
2544] 7107019182] 3.9629 3132744 18133140593] 4.608 50 97 105 a 15926] e. 1 
$329] 379529317 39692714020 80136|41018;a 44807 97828 
3499 39425 9354 73656114527} $9365|421490}4 34348, 99090 
45991 34096194291 3-97446114761 46198142 506% 02379, 99910 
400 61 2543244801 3.97680}14786)B 07019\44656\a 28191 100008 b 


| Y 


The - PREFACE. 


The Tables of Natural Sines, Tangents and Secants 
were examined by thoſe of Van ScuooTEN, printed 


at Amſlerdam, 1 627, (which are faid to be without one 
Fault) and Sir Jonas Moo's new Syſtem; the Tables 


of Logarithmic Sines, Tangents and Secants were ex- 
amined by a Table of the ſaid VL Ac in large Octavo, 
printed at Goude, 1626, as alſo by the ſaid Syſtem. 
And in all theſe Examinations there were never leſs 
than two to harken, whilſt one read over the printed 


Sheet to be corrected, 


The Table of Verſed Sines was printed from, and 


alſo examined by, that in Sir Jonas Moor's Syſtem. 
The Traverſe Table is new calculated to a larger 
Radius than any Extant, and was examined with the 


greateſt Care. 


After the Tables follow the various Uſes of Loga- 


rithms made plain to the moſt indifferent Capacity; to 
which 1s added, the Solution of Plane and Spherical 
Trigonometry by Logarithms, from Mr. Br1GGs's 


5 Engliſh Edition of his Logarithmical Arithmetic; and 


the uſe of the (natural) Verſed Sines from Sir ir Jon As 


 Moor's Syſtem. 
The demonſtration of. ab Intereſt, with ſome 


Propoſitions of Navigation, were both of them be- 


ſtowed by Mr. HAL Lx r, and reviſed by him; as were 


molt of the Sheets of the whole Diſcourſe ; wherein he 


was pleaſed to make many advantageous Alterations, 
for which I return him my hearty Thanks, 
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ADVERTISEMENT: 


N the former Editions of theſe Mathematical 

X > Tables, Dr. HAL TL E v's Method of making 
na Logarithins, and ſquaring the Circle, together 
with Mr. SHñARP's Method for computing the former, 

have conſtantly been inſerted; yet; notwithſtanding thoſe 
Methods at the Time of their Publication, were donbt- 
leſs the moſt compendious of any then extent, it is cer 
tain we How can, by help of converging Series and other 
Contrivances, produce the Logarithm of any propoſed 
Number, whole or fractional, to the ſame Degree of 
Exactneſs as before; with far greater Eaſe, and in much 
leſs Time. We have therefore introduced into this Edi- 
tion, in room of the Methods above- mentioned, the 
moſt uſeful Forms of Series and Approximations for 
conſtructing the Tables of Logarithms, Sines, Tangents, 
&c. as alſo for the Quadrature of the Circle, which we 
poſſibly could obtain from the Writings of the moſt 
eminent Mathematicians, "— Mac Lavin 


and SIMPSON. 
In order to facilitate taking out yy the Sine, Tan- 


gent, or Secant of a given Angle from the Tables, to 
Seconds of a Degree,“ we have, inſtead of the Differences, 


given proper F actors > (being ms Quotient of thoſe Dif- 


ferences 


ee r n PF 


ADVERTISEMENT. 


ferences divided by 60) by which any Number of Se- 


conds being multiplied, the Product ſhews how much 
muſt be added to the Sine, Tangent, or Secant taken 


out for Degrees and Minutes only, to give the true 
Quantity thereof; and that not only for the Logarith- | 


mical, but likewiſe for the natural Sines, Tangents, Se. 
a Thing not to be met with in any other Table of this 
Sort; for here, after having taken out the Sine, Tangent 
or Secant of an Angle to Degrees and Minutes, there is 
no N eceſſity to proportion the Differences for Seconds, 


that being already done by means of the Factors, ſo that 


we need only multiply the given Number of Seconds by 
thoſe Factors, and the Product gives the Quantity to be 
added. Thus, if it were required to find the natural 


Sine of 25 24 12/; we ſhall have firſt 4576, 153 for the 
natural Sine of 277 14, then multiplying 12” by 43,0 
the proper Factor gives 317, 2 which added to 45761 53 


gives {4 576,670 for the natural Sine of 27* 14 12%. 
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MATHEMATICAL 
* A. Eo I 


CHAP. 1. 
Of Derimal FRACTIONS. 


HE Nature of a Decimal Fra#ion may be con- 
ceiv'd, by imagining a Foot- rule (or any other 
Integer) divided into ten equal Parts; then 

each Part is ; and if every one of thoſe Parts 

de divided into ten equal Parts, the ſaid Inte- 
ger will be divided into 100 equal Parts; thus 
— Part of the firſt Diviſion is s, or ; 

3 every Part of the ** Diviſion, in Reſpect of the Whole, 
will be 738: After this Manner we may conceive a Foot, a Yard, 

an Acre, an Hour, a Buſhel, a Pound, a Shilling, Sc. to be $- 

vided into 10, 100, 1000, 10000, Sc. equal Parts at Pleaſure. 
II. I Decimal Fraftions, the Numerator is only expreſſed, the 

Denominator being omitted; becauſe known to be always an Unit, 

with as many Cyphers as there are Places of Figures in the'Nu- 

merator: Alſo a Decimal F raction 18 diſtinguiſh'd from an Integer 
by a Point prefix'd, as .2 for Fs, 34 for es, +507 for er, 


for 1288. Cc. 


Obſerve the ſame in mixt Numbers, as, 678.9 for 678,3 67. 89 
for 0752 8 55 6. 789 8 Se. 8 

III. Cyphers to the Right-hand of a Decimal Fraction do not alter 
its Value; for . .5 or. 30, Or .50000, have each of them the ſame 


Value, viz. &, or 4: But Cyphers on the Left · hand in a Decimal 


Fs raction Gecreaſe the Value in A tenfold Proportion; thus .05, is 
Foy oog is 175 22 9 . Is 18 28 85 Ec. 
B IV. Decimal 


2 / Decimal Fractions. 


IV. Decimal Fractions are reduced to a common Denominator, by 
making them conſiſt of the ſame Number of Places; thus, .3, .45, 
.067, .oo89, may be wrote reſpectively . 3000, .4500, .0670, and 
oog; all theſe conſiſting of four Places, their common Denomi- 
nator is therefore an Unit with four Cyphers annexed, vix. 10000. 


V. Addition and Subtraction become the ſame as in whole Num- 


bers, when the Places of the ſame Denomination are ſet under each 
other: As in the following Examples. 1 885 


| Addition [____ Subcradtion, 
0.3 1.5 121.5 I : - 6% 8 5 g 
4 | 0.5625 | 45 5605. | ag Pe | hg 
o 06789 | 09375 | r 2.75 | 15-503 
| 0.81789 | 3.0000 242.9980 J ; : = : 


VI. In Multiplication; the Work is the ſame as in whole Num- 


bers, only in the Product ſeparate with a Point ſo many Figures to 
the right Hand as there are Decimal Places both in the Multiph- 


cand and Multiplier, then all the Figures on the left Hand of 
the Point make a whole Number, and thoſe on the Right a Deci- 
mal Fraction. 5 „ 

N. B. If there be not a ſufficient Number of Figures in the Pro- 
duct, to ſeparate by the preceding Rule, then place Cyphers on 
the left Hand to compleat the required Number, as may be ſeen in 
the ſixth and ſeventh Examples. e 


Ex. 1. 256 Ex. * 45.6 Ex. 4. 45.0 Ex 6. 0.456. 


| 21.3 21.3 0.213 0.213 
N 1368 971.280 9.7128 0.097728 

456 Ex. 3. 456 Ex. 5. 0.456 Ex. 7. O. 0496 
| 912 0.213 2 0.213 , 
|____ 9712.8 |____97-128 | 0.97128 | ___ 0.009712, 


: VII. J: Diviſon; work as in whole Numbers. only in the Quo- 
tient ſeparate with a Point ſo many Figures to the right Hand (for a 


Decimal Fraction) as the Decimal Places in the Dividend exceed 


thoſe in he Diviſor; becauſe the Decimal Places in the Diviſor 
and Quotient together, muſt equal thoſe in the Dividend. _ 

Or the Fractional Places of the Quotient may be determined by 
ſetting che Diviſor, or its firſt Multiple, under the firſt Figures of 


. |; & 5 2 5 . . Q, 
the Dividend exceeding it; for the Units Place in the Diviſor, or 


its Maltiple, will then ſtand under ſuch a Place in the Dividend, 


& 


— 8 ” 
1 , - o K 
* 29 * * I 
0 ” : — 
8 3 s . 
. 31 . { 
9 kk 2 4 JL YH! 1 8 r - 
2 5 5 Kee — . ; : 2 
* n 8 * N 8 N 
7 „ >4 A 3 23 E 
3 - * 
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i Of Decimal Fractions. 3 
as the firſt ſignificant Figure of the Quotient is to have, as in the 
firſt and laſt Examples below, here alſo inſert- ; 


ed for Illuſtration: In the Firſt, 5 (the Units 234890.00( 347.98 
Place in the Diviſor multiplied by 3) ſtands 2025 


under 8 the Hundreds Place in the Divi- 


dend, therefore 3 the firſt Figure of the Quotient will be Hun - 
dreds; ſo there will be three Integer, and two fraction Places in 
the Quotient: In the Laſt, here the U- 3 
nits Place is the Diviſor's Multiple comes . O2 34890000. 0347. 98 
under 2 in the Dividend, which is in the 2.023 

ſecond Place of the Fraction; therefore | 

3 the firſt fignificant Figure of the Quotient will be the ſame, and 
a Cypher muſt be prefix d, as directed in the Note on Multiplica- 


tion: Allo when in the Operation the Units Place of the Diviſor 


is ſet under the Units Place in the Dividend, it gives the Units 
Place in the Quotient, and whatſoever ſhall come into the Quotient 
beyond, mult be ſeparated for a Decimal Fraction 

Therefore, if the Diviſor be a whole Number, the Quotient 
will have the ſame Number of fraction Places as the Dividend, as 
Ex. 1. If the Dividend conſiſts of ſix Decimal Places, and the Di- 
viſor only of two, there will be four Decimal Places in the Quo- 
tient, as in Ex. 3. 

If there are more Decimal Places in the Dividend, than in the 


Diviſor and Quotient together, place Cyphers at the left Hand of 


the Quotient, to compleat the Number, fee Ex. 5. where one Cy- 
pher is prefix d. ba 
Annex any Number of Cyphers at Pleaſure to the Right Hand 


of the Dividend; (ſee Rule 3) but 


if in the Dividend be. three Diviſor Dividend Quotient 


_ Fraction Places more than in the 675) 234890.00 ( 347.98 


Diviſor, there will be three ſuch 67.5) 2348.9080 ( 34.798 
Places in the Quotient, which, in 6.75) 23-489000 (3.4799 
moſt Caſes is ſufficient, except it .675) .23489000 (' 34798 


is to be multiplied afterwards. 675) . 023489000 (. 034798 


VIII. Vulgar Fractions are reduced to Decimals, by dividing the 
Numerator (with Cyphers annexed) by the Denominator. 


Example, What Decimal Part of 11. Sterling is gd. of , of 11? 
Anſwer, . 0375l. Thus 240)g.0000(0.0375l. 28 


4 


Of Decimal Fractiont. 


Nole, Becauſe Money is valued in Pounds, and Parts of a 


Pound, 


and Time in Years and Parts of a Year, it is often convenient 
to reduce thoſe Parts into Decimals ; then the Work is the tame 


as in whole Numbers 


are inſerted, 


* 


© 


* 


A T AB. L E of the Decimal Parts of 1 J. 


| 9- | Decimals. | 5: od. | 3d. | 6d. | 94d. 4. 6d. \ 94. 
1 |.00104167]| Of. 125.025 0375 525.5375 
2 . 0208333 10.05 . 625. 75 [.0875 575-5875 
3.003125 2].1 J. 112501251375 | 625 6375] 
14, |.00416667 3-15 1625175 1875 25.675 6875 
1 . oo 20833 4-2 21250225237 +725 7375 
2 00625 . er W Jaya N — 
3 0029167 525 . 2625275 [2875 7757875 
2d. . oo83 33330 6.3 3125325 [+3375 825.8375 
1 [299375 71-35 3625375 j-38 875 |.8875 
2 0141567 8˙4 (4725425 4375/18. «925 1 
| 3 Jo1145833]| 2.4 452475 [.4875}19 -975 19875 


The Decimal Parts of 1 J. may be 


3 So — a 


, for which Purpoſe the two following Tables 


Jo: - 


valued by the preceding Ta- 


ble, or to three Places at ſight, viz. the firit Figure doubled is 
Shillings, the ſecond and third joyn'd are Farthings, abating one 
for every 25, for .025 is 6d. . O50 is 1s. and.075 is 184. 


| 


A TA BLE of the Decimal Parts of a Year, or of 36 5 Days. 


V 


< 


1 


Decim. 
002740 


N 


027397 
030137 


2 


3 
2 


005479 
.on8210 


.010950 


10 


20 


30 


1 40 


032877 
035616 
038356 


854795 


257534 
060274 


6 3014 
93753 


5.013699 
61.016438 
71.019178 
8 


021918 
91.0246 58 


041096 
043836 
045575 
049315 
052055 


68493 
071233 
873973 
076712 


0794 52 


082192 


084932 
087671 
090411 


-Og3IST 


og 5890 
o9 8630 
5101370 


104110 
106849 


109589 
112329 
115068 
117808 
120541 


126027 
128767 


13150) 


13698 6 
139726 
142466 
145205 
242245 
15068 5 
153425 
156164 
158904 
134247Zʃ. 


123288 


30% 


80 


[ 90 


bo 70 
Leg 
.167123j.194521 
169863\.297260 


.172603|.2 


219178 
221918 


manage 


227397 


228341202740 


1863010213699 


230137 


246575 
249315 
252055 


254795 
257534 


— 


1780821. 2054791. 222877 
180822.208219 
1835 520.2109 59 


238616 
238355 


241096 
161644. 189041. 2164382438 36 


26027 
263014 


268493 


9 


or [> wa [2] = \$ 


.265753] 7 


Months | 


a3 | 


9 >} WE... 


1 


797-7 4 


8191 


10 


1 


= 1 


— 08333 | 


166667 


222224158861. 51.583333 1.666661.75 1 .8333331 716666 


Note, The Decimals in every Column after the firſt, begin with 
the Decimal of an even ten Days, and increaſe downwards by one 
Day each, for the Decimal of 20 Days is 0.5479 5, and of 21 is 
.0575343 and if theſe are moved one Place to the left Hand, they 
become the Decimals of 200, and 210 Days, and ſo of the reſt. 
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CHAP 


Of finding the Logarithm of a given Number, or the Num- 
| ber to à given Logarithm, | 
I. To find the Logarithm of a whole Number under 1000. 
N the firſt four Pages of the Table of the Logarithms of Num- 


bers, are placed the natural Numbers 1, 2, 3, Sc. from 1 to 
999. in progreſſive Order, and againſt each Number its Loga- 


ruhm; fo the Log. of 43 is 1.633468. 


Note, The Index or Characteriſtic, of the Logarithm of every 
Integer Number conſiſting of one Figure is o, of two F igures, 1, 
of three Figures 2, of four Figures 3, of five Figures 4, Sc. equal 
to the Number of Places that it's firſt Figure is diftant from the Place 
of Units; and altho”, to the Logarithm of every Number in the 
Table above 100, the Indices are omitted, yet in the Operation, 
they muſt be prefix d according to this Remark : So the Log. of 


430 is 2.633468, and the Log. of 999 is 2.999655; and ſo of 


the reſt: But the Index of the Logarithm of a Decimal Fraction 


is negative, tho? ſtill equal to the Diſtance of the firſt ſignificant 
Fig ine of its Number from the Units Place, as before; fo that if 
the firſt ſignificant Figure be in the firſt Place, the Index of the Lo- 
garithm is — 1, or the Compliment thereof to 10, or 100, viz. 
9, or 99, as hereafter; if in the ſecond Place, the Index is — 2, 
or elſe 8, or 98; if in the third Place —3, or elſe 7, or 97; if in 


the fourth Place, — 4, or elſe 6, or 96, c. 


II. To find the Logarithm of a Number, conſſting of four Places, 
In the firſt Column (fign'd Num.) of ſome 


one of the Pages of the Table after the firſt Num. Logarithms. 


four, find the Number given, and even 100 is 3.0000000 
with it in the ſecond Column (ſign'd o) is 1% 5 3 0017337 
found the Logarithm ſought, to which 9959 18 3.998217 


(the proper Index) muſt be prefix d; as 9999 18 3.999966 


may be ſeen in the adjoining Examples. 


III. To find the Logarithm of a Number, conſiſting of foe Places. 5 


Find the firſt four Figures of the Number in the firſt Column, 
and even therewith (in the Column ſign'd by the laſt Figure of the 
Number) is the laſt four Figures of the Logarithm, which adjoin'd 
to the firſt three common Figures in the ſecond Column, makes up 
the Logarithm ſought, when 4 the proper Index is prefix'd. | 

| 5 Example, 


5423758 is found to be 6. 7343003. 


6 Of the Legarithms of Numbers. 


Example. Given the Number 54237 to find its Logarithm. 

Find 5423 in the firſt Column, and even therewith (in the Co- 
jumn ſign'd 7) is 2957, which annex'd to 734 the firſt three com- 
mon Figures, it will ſtand thus, 7342957, and the proper Index he- 

ing prefix d the Logarithm of 54237 is found to be 4.7342957. 
Note, When the laſt four Figures of the Logarithm begins with 
a Cypher or any leſs Figure, then the laſt four in the ſecond Column 
begins with; then the three firſt common Figures are thoſe in the 

next Line lower: Thus the Logarithm of 54453 is 4.7360218, 


IV. To find the Logarithm of a Number, conſiſting of ſix Places. 


Find the Logarithm of the firſt five Figures by the third, and 
the Difference betwixt it and the Log. of the Number next 
greater, Which is in the laſt Column but one ſign'd D; then find 
that Difference in the laſt Column, ſign'd Pts. Pro. (which ſtands 
for Parts Proportional) and againſt the ſixth Figure of the Num- 
ber given, is the Part to be added to the Log. of the five Figures 
before found, the Sum is the Log. ſought, when 5 the proper In- 
dex is prefix'd, | 

Example. Given the Number 342375 to find it's Logarithm. 

The Log. of 54237 is found (by the 3d) to be 7342957, and 
the Difference betwixt it and the Log. next greater is 80, and 
in the laſt Column againſt 5, under that Difference is 40, which 
added to 7342957, and the Index 5 prefix d, makes 5. 7342997, 
for the Log, of 542375, which was ſought, 3 

Or, The Proportional Parts may be found (without the Table 
of Pts. Pro.) thus: Multiply 80, the ſame Difference, by the 


fixth Figure, (which in this Example is 5) and divide the Product 


by 10, gives 40, as before; for in this Manner the ſaid Table 

(Gord Pts. Pro.) was computed. IT. 4 
Note, If the Number is in the 10 1ſt Chiliad, its Logarithm is 

directly found in one of the laſt two Pages of the Table. | 


V. To find the Logarithm of a Numier, conſiſting of ſeven Places. 


Find the Log. of the firſt five Figures by the third, and of the ſixth 
Figure by the 4th, and for the ſeventh Figure divide the propor- 
tional Part by 10, (that is, fer it one Place farther to the right 
Hand, than the laſt Figure of the Logarithm reaches) and add it to 
the Logarithm of the fix Figures before found, their Sum (with 
the Index prefix'd) is the Log: ſought; thus the Logarithm of 


The Examples of the 3d, the 4th, and this 5th Propoſition are 
placed at ihe Side of the following Remark. L | 
N | : ; ; : ; cte, 
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Of the Logaritbme of N. umbers. 7 


Note, The Proportional Part may Num. Logarithms 
be found (without the Table of Pts. 54237 4-7342957 
Pro.) for the laſt two Figures, by "© 5 __40 


_ multiplying them by the common 542378 _ 5.7 342997 _ 


Difference and then dividing the Pro- 


duct by 100; fo in the laſt Example Rh; e 
58 multiplied by 80, produces 4640, © 3 : of © 
which divided by 100 quotes 46.4. ———— r + _— 
the ſame as by the Table. 5423758 7343 3 


VI. A proper Fraction being given, to find its Logarithm. 
Subtract the Logarithm of the Denominator from the Logarithm | 
of the Numerator, the Remainder is the Log. ſought, and is always 
the Logarithm of a Decimal Fraction equivalent to the n Fr. 
tion propoſed. 


Note, The Index of the Log. of a proper Fraction is 'nepwtive, 
but if 10 or 100, be put for the Index of the Log. of the Nume- 


rator; Then the Index of the Log. of a Decimal Fraction begin- 
ing one Place below Units, will be 9, or 99; if two Places below 


Units, 8, or 98; if three Places, 7, or 97; if four Places 6, or 


96, Sc. the latter is often neceſſary to diſtinguiſh ĩt from the Index 


of an integer, eſpecially when the Power or Root W's a Decimal 
Fraction is required, as in the next Chapter. 

Example, To find the Logarithm of 4. 1 
From Log. of Numerator 3. . . 10. 4771213 or 100. 4771213 
Subtract Log. of Denom. 4 4 _ 0.6020600 9. 6020600 
The Remainder is Log. of 0.75 . . 9. "98750613 . or 99.87 50613 
Note, Putting 10 or 100 for the indes of the Log. of the Nu- 
merator 3 the Index of the Remainder is g, or 99, which is one 
Place below Units, and the reſt of the Remainder is found in che 
Table of Logarithms to anſwer 75, 750, or 7500; but as the In- 
dex determines the firſt Figure to be put one Place below Vans, 
the Nude anſwering to the Remainder is therefore o. 73. 


VB. N find tbe Logarithm. of 4 mixt Number. | * , 
Reduce the Number given into an improper Fra&tion then 


ſubtract the Log. of the. Denominator from the Log. of . Nume- 


rator, the Remainder is the Log. ſought. 

l To find the Logarithm of 4 4 2. 

The 4 5 reduced to an improper Erattion, 36% 2, ga ewe 
The Logarithm of the Numerator 19 eK 411 i 


The Logarithm of the. Denominator 4. 9. 0 60205 
8 The Eogarithm of 4 4, or (of 4 - 99 9.67589 56 


8 o/ the Logarithms of Numbers. 


If the Fractional Part annex d be a Decimal, Num. Logarithms. 
ſeek for the Log. of the mixt Number, as if 47500 | 4.6766936 
it was an Integer, obſerving to prefix thereto 4750 | 3.6 766936 


the proper Index, which is always one leſs 47; | 2 6766926 
than the Number of Places in the integral 47.5 6 


Part of the mixt Number; this is illuſtrated 4.7; | 0.6 766936 
by the adjoining Table, where the Loga- 0.475 9.6766936 
rithms differ only in their Indices. 0.0475 | 8.6766936 


VIII. To find the Number anſwering to a given Logarithm. 


Find the three Figures next the Index of the Log. given in the 
ſecond Column, and the laſt four in the ſame, or in one of the nine 
following Columns, if you find it exactly, then in the firſt Column 
even therewith is the firſt four Figures of the Number, and the 
fifth at the Top and Bottom of the Column in which the laſt four 
Figures of the given Log. is found. „ 

Example. To find the Number anſwering to the Log. 2.734295. 
Seek in the ſecond Column for 734, (the three Figures next the 
Index) and having found them, look to the Right - hand for the 
laſt four Figures among the ten Columns, and you will find in that 
ſign'd 7, is 2957; thus, 54237 are found to be the Figures of the 
Number ſought; but the Index of the Log. given is 2; therefore 
the three Figures at the left are Integers, and the laſt two Deci- 
mals, viz. 542.37. 3 | 

If the Logarithm given be not found exactly in the Table, take 
the next leſs, and ſubtract it from the Log. given, what remains 
look for in the proportional Parts of the Difference of the Loga- 
rithms next leſs and greater, and againſt it, or the Part next leſs, 
is a ſixth Figure to be placed at the Right-hand of the five Figures 
before found; and in caſe the proportional Part be not found ex- 
actly, ſubtract it from the firſt Remainder, then place a Cypher at 
the Right-hand of this Remainder, and againſt the neareſt propor- 
tional Part (either greater or leſs) is a ſeventh Figure to be placed 
at the Right-hand of the ſixth Figure. 1 

Example. To find the Number anſwering to the Log. . . 6. 00 
Log. — leſs in the Table is the Log. of 5 - s „ 7 55 

18 | _ 1ſt Remainder 46 

| 85 | CE -+ for Part 40 
Diff. is 80, the Table of Pts. Pro. gives ] 2d Remainder 6,6 
| | : - - + 8 for Part . . 6.4 

Thus the Number ſought is found to be 5423758 

Or 4600 (the firſt Remainder with two Cyphers annex'd) divided by 
Diff. 80, quotes 58, the ſame as by the Table of Pts. Pro. to be placed to 
the Right-hand of the Number 54237 firſt found, | 
| | AC C H A P. 
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CHAP. III. 


J Logarithmical Arithmetic. 


I. IN Multiplication: Add the] II. In Diviſion: Subtract the Log. 
Logs. of the Multiplicand | of the Diviſor from the Log. of 
n and Multiplier together, the the Dividend, the Remainder is 
Sum is the Log. of the Product. the Log. of the Quotient. 
Example. Num. Logarithms Example. Num. Logarithms 
Multiplicand 8.5 . . 0. 9294189 Dividend 9712.8 . . 39873444 
Multiplier . 10 . . 1.0000000| Diviſor . 486. . 2.638964 
Product. . 85 - . 1.9294189| Quotient 21.3. . 1.3283790 
| To find the Complement of a Logarithm, | 
Begin at the Left-hand, and write down what each Figure wants 
of 9, only what the laſt ſignificant Figure wants of 10; ſo the 
Comp. of the Log. of 456, viz. of 2.6589648 is 7.3410352. 
III. In the Rule of Three Direct: Add the Logarithms of the ſe- 
cond and third Terms together, and from the Sum ſubtract the Log. 
of the firſt, the Remainder is the Log. of the fourth. Or inſtead of 
ſubtracting a Logarithm, add its Complement, and the Reſult will 
be the ſame; but (in the Tens Place of the Index of the Sum) al- 
ways abate 1 for each Complement thus taken, tho? the expreſſing it 
be omitted in any Rule hereafter given. „ 5 
Note, In the Rule of Three Inverſe: Add the Logarithms of the 
firſt and ſecond Terms together, and from the Sum ſubtract the 
Log. of the third, the Remainder is the Log. of the fourth. 
Example 1. If four Ells coſt gl. what will twelve Ells coſt ? 
Anſwer 271. : | | 
Log. of. 4 is 0.6020600 Or thas 
Log. of 9. 0 9542425 Compꝭ of Log. of 4 is. 9. 3979400 
Log. of 12. 1.091812 Logarithm of. 9 0.942425 
Log. of 108 . . 2,0334237 Logarithſn of . . 12. . . 1.0701812 - 
Log. of 27.. 1.4313637 Logarithm of . .27 .. 11.4313637 
Example 2. If the Intereſt of 1009. for 365 Days is 61. what is 
the Intereſt of 5173. for 321 Days? Anſwer, 272.9643 l. 


Comp. of the Log. of 100. u 8.0000000 
Comp, of the Log. of 36688. «0... + » Tan 
1 000 er ern ey . . 0.778113 
Logarithm of. 317332 2. 37137425 
Logarithm of. 32ã2:q3 eee 0 2.506060 
Logarithm of 272.964322?::eZ: + 2. 4361059 
5 | | "Ip A - 
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> £Þ 8 ABL E fhewing the Number of Days from any Day in any 
Month, to the ſame Day in any following Month. 


— — — 


} {| From Jan. Feb. Mar. Apr May June]July Aug Sep. Oct. [Nov vec. 
| [January [36413 34(3001275|245|214/184|153]122| 92] 61} 34 
Feb. | 311365133713060/2761245|215|184[153[123] 92] 62 
March | 59] 2836533430473 2432121810751 180, 90 
April | 99] 59 3383385 304/274(243]2 12{182]151]121]. 
| [May [120] 89 61| 30j3651334/304|273j242]1212|181j151] 
To june 31 e 61] 3103653353042 73243/212182 
| [July 8 15012291 61] 30/3651334130312731242[212 

| | Auguſt 212181 [53/122] 92] 61] 31]36513 3430412731243 
Septem. [24.32 12 18401331230 92] 62] 311365133513041274 
[OZober 2730 z 42 14183/153122 92] 61] 3003650334304 
Vovem. 304273 245 14184/133123 92] 60 3113651335 
|_|Decemb |33413032751244/2141183/1531122] 91] bil 30355 


— 


Example. To find the Number of Days from the iſt, 10th, or 
20th of June to the 1ſt, roth, or 20th of March. | 
Find June at the Head, and down that Column, in the Linc. even 
with March is 273 Days: Or if it was from the 15th of June to 
the 26th of March; then the Number of Days would be eleven 
more than 273, viz. 284 Days. Thus the Number of Days in any 
Time under a Year may be found by Inſpection. 
i IV. To raiſe Powers by Logarithins, 
Multiply the Log. of the Number given by the Index of the 
Power required, the Product will be the Log. of the Power ſought, 
Example. Let the Cube of 32 be required by Logarithms. 
The Log. of 32 is 1-5051500, which multiplied by 3 is 
4.514500 the Log. of 32768 the Cube of 32. 
In raiſing the Powers (viz. ſquaring, cubing, Sc.) of any De- 
cimal Fraction by Logarithms, it mult be obſerved, that the firſt 
Hgnificant Figure of the Power be put ſo many Places below the 
Place of Units, as the Index of it's Logarithm wants of 10, 100, 
Oc. multiplied by the Index of the Power. : 
Example. Let the Cube of 0.009 be requited by Logarithms. 
The Log. 0.009 is 7.9542425, which multiplied by 2 is 
23.8627275 the Log of 0.00000072y the Cube of o. oog: "By 


the Index of the Log. of the Power is 23, which wants ſeven of 
10 x (3) the Index of the Power; therefore the firſt ſignificant 
Figure of the Power mult be in the ſeventh Place below Units: But 


when the firſt Figure of the Power ſhall be lower than the tenth 


Place, 
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Place, it will be neceſſary to admit another Place into the Index 
of the Log. of the given Number, by making it the Complement 
100, | = 
Example. Let the ſixth Power, or Cubo-cube of the Sine ot 
1 Min. (Rad. 1) be required. 
The Log. of the Sine 1 Minu. in the Tables is 6.4637261, but 
in this Caſe muſt be 96.4637261, which multiphed by 6 (the In- 
dex of the Power) is 378.78 23566, the Log. of 0.00000,000c0, 
00000,00000,06058,383: Here the Index of the Log. of the 
Power is 578, which wants 22 of 100 x (6) the Index of the 
Power ; therefore the firſt ſignificant Figure of the Power mult be 
in the 22d Place below Units TY 

Or any Power of a Decimal Fraction may be rais'd, by multi- 
plying the Complement of the Log. of the Fraction by the Index 
of the Power; the Complement of the Product is the Log. of the 
Power ſought. . N oe 


Example. Let the 0.62 5th Power Log. of o. co 32=7-505 1500 


of 0.0032 be required. Complement 2.4948500 

Anſwer, 0.0275879, multiply d oy 0.025 

„ 124742500 
Note, By this Method, the Num- 149691000 


ber of Fraction Cyphers preceding in — — 
the Power, will be the de i the Produ# 1. 5592812500 
Index of the Product. Complement 8.4407187500 

| s the Leg. of o. 0275879 

Again, Let 6.2 th Power of 0.0032 be required. 4 

The Log. of 0.0032 (as before) is 7.5951 500, and its Com- 
plement 2.4948500, which multiplied by 6.25, the Product js 
ten Times the former, viz. 15-5928125, and its Complement - 
84.4071875, which anſwers to 0.00000,00000,00000,25538, the 
6 25th Power of 0.0032. e 

V. To extraft the Roots of Powers by Logarithms. 
Divide the Log. of the Number by the Index of the Power, 
the Quotient is the Log. of the Root ſought. 

Example. Let the Cube-root of 675 i269 be required. 

The Log. of 6751269 is 6.8293854, which divided by 3 the 
Tadex of the Power, quotes 2.2764618 the Log. of 189, the 
Cube-root ſought, : | 1 oT EL R 

If the Power, whoſe Root is required, be a Decimal Fraction, 
Prefix to the Index of its Log. a Figure leſs by ons than the Index 
of the Power, and divide the whole by the Power's Index, the 
Quotient will be the Log. of the Root ſought. 1 
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Example. Let the Cubo-cube-root, or Root of the ſixth Power 
of 0.00090,00000,00000,00000,06058.383 be required. 

The Log of 0.00000,00000,00000,00000,06058,383, is 
78.7823566, to which prefixing 6—1=5, the whole is 578. 
7823566, which being divided by 6 (the Index of the Power) the 
Por oak is 96.46372061, the Log. of 0,.00029,08882, the Root 
ought. 955 

The Root of any Power of a Decimal Fraction, may be had, 
by dividing the Complement of the Log of the Fraction by the In- 
dex of the Power, the Complement of the Quotient is the Log. of 
— :j. _-; | „„ 

Example, Let the o. 62 gt:] Root of o. 02758 79 be required. 

The Log. of o. 0279879 is 8.4407 188, and its Complement 
1.35928 12, which divided by 0.625 quotes 2.49485co, whoſe 
Complement is 7.5051 500 the Log. of 0.0032, the Root ſought. 

Again. Let the 6.25th Root of 0.00000,00000,00000,25538 
be required. — 55 3 

The Log. of o 00000,00000,00000,25538 is 84.407 1875, and 
its Complement 1.5928 129, which divided by 6.25 quotes 
2.4948500, whoſe Complement is 7.50;1500the Log. ofo 0032, 
the Root ſought as before. „ 

VI. To find mean Proportionals between any two given Numbers. 

Subtract the Log. of the leaſt Term from the Log. of the great- 
eſt, and divide the Remainder by a Number more by one than 
the Number of Means deſired ; then add the Quotient to the Log. 
of the leaſt Term (or ſubtract it from the Log. of the greateſt) 
continually, and it will give the Logarithms of all the mean Pro- 
portionals required. | 

Example. Let three mean Proportionals be ſought, between 
106 1, 100 5 
. 2.025280 
—T 2 0000 | 

| Divide by 4)0.025 3059(0.0063204.75 
. ehrt . $0000000 


Log. of the firſt Mean 101.4673846 . . . . 2.00632 64.75 
102.956 30ͤ ... 5.» 2.0126529.5 
Log: of the third . . . . 104. 467048 . . . + . . 2 0189794-25 
Log. of the greateſt Term op . 2.023069 


If of 11 mean Proportionals, between 106 and 100, the gth 
Mean was required; divide the aforeſaid Remainder by 12, and 
multiply the Quotient by q, and add the Product to the Log. of the 
leaft Term; or multiply the Quotient by 3, and ſubtract the Pro- 
duct from the Log. of the greateſt, the Sum or Difference is the 
Log. ofthe gth Mean required; and is the ſame as the third in the 
preceding Example. — — | | 
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CHAP. IV. 
of COMPOUND INTEREST, 


By Dr. Ep u. HAL LB v, R. Aſtr. Sav. Pr. 
Geom. Ox. & F. R. 8. 


Principal Uſe of Logarithms, is to ſolve thoſe Caſes of 
compound Intereſt, which are not without great Difficulty 
attainable by the Rules of common Arithmetic. But be- 
fore we proceed to the practical Part, it may perhaps not be im- 
proper to ſay ſomething of the Foundation or Demonſtration of 
the Rules we are to give. ; 1 
Therefore let p be any Sum of Money put out at Intereſt for any 
Number t, of Years, r the Amount of one Pound in one Year, 
viz. Principal and Intereſt, on the Amount of the Sum p forborn 
; Years. Then becauſe one Pound put out at Intereſt, in the firſt 
Year is increaſed to r, it will be as 1 to r, ſo is r the Sum forborn 
the ſecond Year, to r, the Amount of one Pound in two Years, 
and conſequently as 1 to r, fo is * the Sum forborn the third 
Year, to #3, the Amount in three Years, whence it appears that 
7*, or r, raiſed to the Power whoſe Exponent is the Number of 
Years, will be the Amount of one Pound in thoſe Years: But as 
11. to its Amount #*, ſo is p to (m) its Amount in the ſame Time, 
whence we have | | | 


I. The amount pre; therefore multiply the Logarithm of 1 
by t and to the Product add the Logarithm of p, the Sum ſhall be 
the Logarithm of m. | 


Example. What 1s the Amount of 150. 13 6d. forborn 12 
Years at 6 per Cent. per Annum compound Intereſt, 13 
The Number 1.06 r: : : . . it's Log. 0.0253059 
Which Log. multiplied by (g) 12 the Years produces 0.3036708 
The principal Sum 15. 175. 6d. 15 Sl. , its Log. 1.2007137 


The Amount 3 10. 185; 1044.=31.94J62/.=m. it's Log. 1. 304384 


bh = 
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II. therefore if from the Logarithm of 2 a Loga- 


rithm of p be ſubtracted, and the Remainder be divided by 1, the 
Quotient 1s the Logarithm of r. | 


Example. What is the Rate of compound Intereſt, when the Sum 
of 151. 17s. 6d forborn 12 Years amounts to 31/. 185. 104d, 
The Amount 317. 18s. 101d = 1.943621. m, its Log. f. 5043845 
The principal Sum 15/. 15s. 64.=t5.8751.=p, its Log. 1. _1.2007137 
The Remainder is Log. of ꝶ . 5.30367 


Which divided by gl quotes Log. of (1 .06=>) 7 . . 0.0253059 
Therefore the Rate 1s 6 per Cent. per Annum. | 


III. Becauſe r==; divide the Difference of the Logarithms 


of m and p hy the Logarithm of 7: The Quotient is 7, or the Time 
wherein the Sum p will amount to n at the Rate 7. 


Example. In wes Time will the principal Sum of 15]. 17s. 64. | 
amount to 311. 18s. 1044: at 6 per Cent. per Annum compound 


Intereſt. 

The Amount 311. 188. 101d. = =31,94362/.=m, its Log. 1.5043845 
The principal Sum 1 5/. 17s. 64.=15. 5750 =, its Log. 1. 2007137 
„ ++ 0. 3036708 
Which divided by 0.025 3059= Log. of 7 quotes 12 Years for the 
Time. E 


IV. +4 = ok multiply the Logarithm of 'r by t, and 


ſubtract the Product from the Log. of n; the Remainder ſhall be 


the Log. of p the principal Sum. 


Example. What principal Sum will in 12 Years at 6 per Cat: 
per Annum, compound Intereſt, amount to 314. 18s, 104d, 


The Amount 31/. 185. 103d. =3 1.943 62l. m, its Log. 1. 15043845 


The Number 105%=xr 3 :...., « + + its Log. 0.0253059 


Which Log. multiplied by (22) 12 the Years Produces « ©, 0.3036708 
And ſubtracted from the Log. of the Amount | 
The Ren. is Fg: Es: beak 15ʃ. _ bd.) p. = 1. 2007137 


Logarithms 


Of Compound Intereſt. ; 15 


Logarithms are alſo ſerviceable to reſolve all Queſtions concern- 
ing the Amount or preſent Worth of Annuities, not paid as they 
become due, or purchaſed to be paid for Time to come. 


Let @ be any Annuity or yearly Penſion forborn # Years, r the 
Rate of Intereſt, or the Amount of one Pound in one Year, z the 
Amount of the Annuity at the Expiration of fears. Now be- 
cauſe the Amount of one Pound in 7? Years is , its Increaſe in 
that Time will be **—1, but its Intereſt for one fingle Year, or 
the Annuity anſwering to that Increaſe, is —1, therefore as F—1 to 

: 3 a ar- 
1, ſo is a to 2. Hence we get 12 -g gart a, and 2z=—— » 


171 


A general Theorem for the Amount of an Annuity, eaſily ob- 
tained without being obliged to ſum up the Terms of a Geome- 
trical Progreſſion. | 


I. The 4 (a) Rate of Intereſt (r) and Time ( being given, 
to find (z) the Amount. | pn | 


From the Log. of à ſubtract the Log. of r—1, and to the 
Remainder add the Log, of 1; from the Number anſwering to 
this laſt Sum, ſubtract the Number anſwering to the Remainder, 
the Difference ſhall be z the Amount ſought. 


Example. What will an Annuity of 34.40. forborn 124 Years 
amount to at 6 per Cent. per Aunum. e 


a 23. 4 1. u. 3363584 L 253059 
7—1=0.06 Ly—1=8.778ig1g': =. -- 125 

42 : : ” 5 - L085 
I" = 573-3332 L.— =2-7584071 | 1265295 

; 506118 

L. To. 316323 2283059 
8 a art 1 CD 
2 1187. 766⁰ L.——=3.0747308 L. 7.3 163237 5 
—614.4327l. == — 25 1 Amount. 3 


—1 17—1 f 


II. The 


being given, to find ( t) the Time, 


16 Of Compound Intereſt. 
II. The Annuity (a) its Amount (2) and the Rate of Intereſt (r) 


Example. In what Time will an Annuity of 34.47. amount to 


614.4327/. at the Rate of 6 per Cent. per Annum. 


4.34.4 UL. l. 536358 
1 ig. ob L. r—1=8.7781513 
2 3 TY 33 
ee 83.3333 L. 2 1.7 . 
3 26144327 5 5 
. en 
2 118.7666 . 3.74730 


I. 0. o 53069) 0.3 163237(12.5 Tears t. 
III. The Amount (2) Rate of Intereſt ( r) and J. ine (t) being gi- 


ven, to find (a) the Annuity. 


The former Equation being reduced 4 = — —— Where- 


fore, to the Log. of the Amount z, add the Log. of r—1, and 
from the Sum ſubtract the Log. of —1, the Remainder is the 


Log. of a. 


Example. An Annuity forborn 125 Years amounts at 6 per Cent. 
per Annum, to the Sum of 614.43 271. how much is that Annuity. 


| = | | 

22 614.4327 L. 2 2.788443 L. Soo. 253059 
7—1=0.06 Lr—1=8.7781513 V 
7 22.071685 1.566626 L. = o. 3163237 


11 1.071688 IL. 1 =0.030067r1 


L. 34. 4. the Annuity = L. a=1.5365585 


IV. The 


Of Compound Interbſt. 17 


IV. The Annuity (e) Time (1) and Ameunt (⁊) being given, to 
Mn,, ate 5 = | | 


In order to find 7, the former Equation 1s reduced to — — 
= = 7˙5 or in our preſent Cafe 16.8614 1 7.86147 _ 
which is ſo affected as not readily to be reſolved by the general 
Method for Reſolution of Equations, unleſs we can firſt approach 

it by ſome other Means; for which Purpoſe take the following 
Rule, which will ſuffice where great Exactneſs is not required. 


—t—1 


Let =|a = 1 +z, and let — b. I foy that N aff 
—b is exceeding near the Increaſe of the Rate, or Y | 
mplements 


Wherefore take the Log. of the Amount, and the 
of the Logarithms of the Time and Annuity, the Sum (abating 2 
in the Tens Place of the Index) divide by 4 x ; the Quotient 
ſhall be the Log. of 1-+y : Then divide 6 by 7 + 1, and to & 


the Quotient add twice y; and to the Log. of þ add the Log. 


which ſquare Root ſubtract &, the Reſidue will be very near fy 


of Bz); half the Sum ſhall be the Log. of 332495, "Ss 
Increafe or + —1 : and adding 1, r is found. If great Exactne 


be defired let r thus found be aſſum'd, and — r—r* compared 
with = — 1; will always be greater than it; and dividing the 


exceſs by ir. 1 = the Quotient added to r ſhall verify as many 


more Figures in the Rate as were true in the aſſumed r. 


D Examples 


| 
| 
| 


_ of Compound Intereſt. 


e. An Annuny of 34.4/. forborn £24 Years amounts to 
614.4328). required the Rate of Intereſt allowed. 


2m=614.4327 | L.z==2.7884743 
tm 4245 co. L.mz8:9030909 
a= 34.4 co. L.a—8.4634416 
6 is 17 12.500. 1550059 o og5yñ = L. ( 064039 
| ==0.128078 
b =>——=— =0.4444444 EC 
I 3. | L. 2.478125 
2y Th w — — © 0.1280780 ; L.bþ+2y==9. 75770 26 : 
Say — — -- 9.5725224 | 3 19.408501 11 0 
NH . 504433 L. r 7028055 | 
b- --=- == - -0:4444444 ” 


on ke es we eines Lau 
Therefore the Rate of Intereſt ſought is 6 per Cent. per Annum. 
After th 


ae Manner the four Caſes relating to the Purchaſe 
of An are readily ſolved by Logarithms, and the Theorems 
diſcover the ſame Eaſe, for ſince 14. ready Money is Equi- 
valent 0 rt to be received at the Expiration of . Years, we have 


t to 1, ——— Arrear) to z, its Worth in 


— — 


Af, 4x17 
dy Money, whence by Reduction we get ans” > or 
a a 


22 — — . 
h t XK . 


I: The anni (a) Time (t) and Rate of Intereſt ( * being given, 
to find (x) the preſent Value. 


2 


The preſent Value 2 ; therefore fro 
e preſent Value 2 8 ore from Log: 


of the Annuity ſubtract the Log. of r—1, and from the Reſidue 
ſubtract alſo the Log. of 7, the Difference of the Numbers anſwer- 
ing to the two Remainders is the preſent Value ſought, 


Example. 


F 2 6 2 ; 85 — . 2 
2 * e „ 2 be Ao PETS 2.00" 
2 2 > 7 2 6 a r . e 2 ö . 1 ” 
2 I os 2 OY ee ER ol OO EX RET a Te EA AO OS, Fs ; 
JC ˙ ww... ̃7]7%‚Ä. WMP 5, FL F NR S nd 5 N 
22 (y eg ĩ ⁵ d ̃ 8 3 e = 6 
7 np, Tet oo by Os F . ae 2 Ns * 


9 . [7 — * do 
22a oe et Tag fy 


raters 3 
. 
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Example. What is 70l. per Aunum to continue 59 Years worth 
in prefent Money, at the Rate of 5 per Cent. per Annum. 


ao. . Fl noun 8450980 1 0211893 

1. os L.r—1=8.6989700 1X + + ++ + 59 

| | L. fee=3.1461280 1907037 
Fee = 1400l. L. iI. 1.201682 1099465 


Reverſion 78.6972. 
| L. rever.=1.8959593 L. 1. 2 reer 
2 1321. 30211. the preſent Value fought. N 


II. The Annuity (a) preſent Value (z) and Rate of Intereff (r) 
Being given, to find (t) the Ti _ 


Now r will be equal to = 


- {or the F ee) divided by the 


Value of the Reverkon, that is by — — el ares from the 


Log. of the Annuity, ſubtract 7; 3 of 11 Number 
| an to the Remainder will be the Value of Fee; from 
the Fee ſubtract the preſent Worth, the Reſidue is che Value of 
| the Reverſion. Take the Log. of the Reverſion from the Log. 

of the Fee, and divide the Reſidue by the Log. of r, od 
tient will be ? the Number of Years fought. 1 


In what Time will an Annuity of yol. ger Anus 
off a Debt of 1 321.302 80. * the Creditor 5; per Cent. 


Anunum. 


a=70 6 = L.a=r. $450986 
1 — 1=0.95 L.r - 1=8.6989700 * , 
| Fee 1400 L. Re: 14 461280 


2 1 321.3028 0 
Reverſſon 78.6972 L. rev. t. :1.8959593 8 
L. xo. oz 11893) 1. 2501687089 Tame 

m. The preſent Value (2) Rate of Intoreſi (#) and Time (t) 358 
given, 10 2 (a) the Aunuity. | 
55 a, former Equation may be reduced $0 this Proportion, as 
; A z, ſo is 71 $08 the Annuity ſought. 

Wherefore to the Complement of the Log. af « — r add the 


LONG of 2 and of 7—1, the Sum ſhall be the Log of a. 
" "K& @ Example. 


— — 
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— rom. 
* , 


Example What Annuity to continue 59 Years can be purcha- 
fed for 1321. 30280. at the Rate of 5 per Cent. per Aunum. 


. T D ⅛ 7˙*Kꝰ 


— — —— 


I 
goes, L. ro. 0211893 


— 


| 


I 2 1. 1 A I TSA 
83 =0.9437877 C0. o. 9251 po ten TH 2501687 
2.12100 23,ĩ 1 8 

1 Ir p. og | L ES 8.698970. 7. 78.749 313 


L. (70. ==) à the Annuity ſought 1. 8 450980 


IV. T he Annuity (a) preſent Value (2) and Time (7) ping given, 
10 find (r) the Rate of Intereſt, 


This Problem being more difficult char appears at firſt Sake, 
1 


a 
and requiring the Solution of this Equati on ee 3g 


to which 11. reduced; there muſt be applied ſome Method of 
approaching the Root 7, which is by no Means evident: And that 
Approximation as the Number of Years and Rate are greater or leſs, 
cannot properly be obtained by one general Rule; but rather by 

two, according as the Value of the Reverſion is greater or leſs. 
If the Number of Years be great (as ſuppoſe 40 or upwards) 


EE eſpecially if the Rate of Intereſt be high ih will be nearly 
2+ 2 St 


a 
the Rate, or more accurately 18 * call it 7; and 


e 
3 bat _— near the Value of the Reverſ jon, which 


7 


t x 1—1 


let be x; then T7 


But if greater Eractneſs be deſired, by repeating this Proceſs it 
will be obtain'd. Hence this Rule: From the Log. of a, and 

'- alſo from the Log. of z-þa, take the Log. of 2, this latter Re- 
mainder ſhall be nearly the Log. of the Rate: Multiply that Log. 
by :, and the Complement of the Product add to the firſt Re- 
mdinder, the decimal Fraction anſwering to the Sum taken from 
the former Rate ſhall give a more correct Rate. With this Rate 
leek x the Reverſion after the Time given, which add to z; then 


to the Complement of the Log of Z Tx, add the Log of a, the 
Sum ſhall be the Log. of the Increaſe or of r—1 ſufficiently near. 


- ſhall approach the true Rate ſufficiently. 


Example, 
_ 


/ Compound Intereſt. 5 


- Example: If 1321.302 81. is paid for an Annuity of .70l. per 
- Annum tor-59 Years to come, what is the Rate of Intereſt allowed 
the Purchaler ? a | | 


a—70 | L. a 1.84 cogBo LTZ I 434217 
; 2978 ES " "NOS? RS =0.6224194 
. ; ch. thohbin 228.6772554 ee © 

2 F Zꝙ/φ•ſ . 259 

Log. of o. o . 23811 2017746 
Firſt r=1.050458 L. o. oz 13787 1120970 

„ i "q—— . '2Þ+a | 

$=1321.3028 1924083 1. =" 

| x = 76,002 | — — ⁵aé——— 

= 397 · 3048 the Fee I. 2613431 co. L 1 =1:2970700 

| co. L. r . 854708 8 UL. al. 84509 

L. . 1. 8450980 L.x==1.8808247 

7—1==0.005096 IL. r—1==8.6998068 e 


So that the Rate of Intereſt ſought is 5 per Cent per Aunum. 

If the Number of Years be ſmall, the aforeſaid Rule will ayail 
little Tn this Caſe it will be requiſite to approach the Rate thys. 
1 2 9 | 
rr 


| 4 2 3 : 
Let be the Index of a Root of = from which Root ſub- 


6 _ 
der calf n, 
that 5 — 33 —2by|- is ſufficiently near to 7— 1, and will be ſtill 
. nearer the Truth, as the Number of Years. is ſmaller; and that the 
g Error will be always in Exceſs. Hence the Rule: Divide the 
| :  Lop- a py iz 5 and from the Numbeg anſwering to the 
Quotient ſubtract 1; double the Remainder, and ſubtract it from 
5 that is from the Quotient of 6 divided by f- 1; to the Lo- 
garithm of this Remainder add the Log. of 6; then the Number 
anſwering to Half the Sum of thoſe Logarithms taken from 3 will 
leave 7—1 the Increaſe of the Rate ſought 


tract 1, and the Remainder call y, and let 


Os | Example 


22 / Compound Intereſt... 


\ , l an Annuity of 201. per Annum, to continue 21 Years, 
is ſold for 2201. required the Rate of Intereſt allowed the Pur- 
chaſer. 5 N = 

„ 20 L. a= 1. 30 10300 
t 21 L. 7: = 1,3222193 


Z=220 co. L. z= 9.637377 | 
Ax Iii )0.2808266(0.0255297=L(143)=1.060546 
23 . 121092 
6 > L. 589.4771213 


1— 15 20 L. b—2y=9.2526298 
see: 48.229781 
22 + + »,- « 0.178008 L. 66 — 259.3649755 5 


Az. . - 0.231673 
Now 56—355 — 20 . 068 32272 . — 1 
Therefore r=1.068327 the Rate ſought. 


The Rate r thus found is always ſome ſmall Matter tao large, the 
true Rate being 1.06814; but as the Number of Years are fewer, 
the Error becomes inſenſible. If greater Exactneſs be required, 
*twill be eaſy by the general Method for the Reſolution of Equa- 


tions, having ſo near an Approximation to proſecute this Enquiry | 


as far as you pleaſe. But this ſeems abundantly ſufficient for Uſe, 
which is our principal Deſign in this Place. 


Lach, By Way of Corollary to the former, Let it be required 
40 find the Rate of Intereſt allowed the Purchaſer when he pays a 

Sum z=, for an Annuity Sa, wherein he has already a Term S 

to have it prolonged for a certain Time . 


Erample. An Annuity of 20/. per Anuum being in Poſſeſſion 
for the Term of 21 Years, and for 407. paid down, it can be pro 
long'd for 10 Years more, or to 31 Years; what is the Rate of 


Intereſt required? 


Put T=2/-+x-|-1, and 4 T ſhall be the Index of a Root of 


— 4 | 
= Let = be equal to 149, and — . b. I ſay r— 1 is 


very near to 5 50 = 229... 


ar L. =I. 3010300 5 | 
x=10 FL w=m1l.0000000 

2==40 co. L. 28. 3979400 2 
37==26.5)0.6989700(0.0263762 L. (ITITy=) 1.062676 


2720.125232 

32 324 5 ; * b —2y200.4934250 
„ „ „„ L. 5-2 . 4934282 
e 1.039707 
3.176767 L. ach. 5019553 


| b—tb—2by*=0.063233 1 
Therefore 7 = 1.063233 the Rate fought. 
As will be readily proved by ſeeking the Value of the Reverfion 


of an Annuity of 200. per Annum for 10 Years after 21 ; at the 
Rate of 1.063233 per Cent. per Amum. See the Work. 


a=20 L. a=1.3010300 L.r=0.0266284 

r—1==0.063233 co. L.r—1=1.1990562 | 88 

| co. L. r=9.4408036 2866284 

1 Rever. 89.275). L. rev. =1-9408898 2322868 

1 co. L. r* Y. 7337166 Lr'=0.5591964 
Rever. 4222221. L. rev. 21. 6746058 | 


_ 40.0028!. the Value fought. 


Thus it appears that 40l. and about three Farthings is the true 
Value of the Difference of the Reverhon at the Rate of Iatereſt 
before found; by which it may be judged how near an Approxi- 
mation the foregoing Rule affords towards finding the Rare of In- 
tereſt, when the Valuè of an Annuity for a Term of Years to com- 
mence after ſuch a diſtant Time is propoſed. 


* > aan a... — . . „„ *** „ „* „ 
— 
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CHAP. v. 


"i Of the Table of Natural and Logarithmic Sinet, Tangents 
2 and Secants. | 


\ natural Sines, Tangents and Secants, are every where 
ſign'd with N. as their Logarithms are with L. in the ad- 
joining Columns; at the Top if the Arc is leſs than 445 Degrees, and 
at che Bottom if greater, as far as go Degrees; and the Differences 
of the Log. Sines, Tangents, and Secants being (by the Principles 
of Plane Trigonometry) equal to the Differences of rhe Logariehms 


To 


24 Of the Table of Sints, &c. 


of their correſponding Coſecants, Tangents, and Coſines reſpec-- 


tively, the proportional Part for ſecond; of each of thoſe Differences 
are common to the Logarithms on both Sides, and thoſe Loga- 
rithms (abating i in the Tens Place of the Index) are mutually 
Complements to each other; ſo that by this Table, the Comple- 
ment of any Log. Sine, Co- ſine, Tangent, Co-tangent, Secant, 
and Co- ſecant, is as readily taken, as the Log. Sine, Co- ſine, c. 
itſelf to every Minute of every Degree of the Quadrant. 

But if the Complement of a Log. Tangent above 45 Degrees, 
or of a Log Secant is taken; then 2 will be to the Left-hand of 4 
the Sum (that is, in the Tens Place of the Index) to be abated, in- J 
ſtead of an Unit. } „ | = 

Note, The Numbers in the remaining Columns adjacent to the 
natural Sines, Secants, Tangents, Sc. are the proportional Parts 
to be uſed for Seconds of a Degree, ; 


I. To find the Sine, Co-/ine, Tangent, Co-tangent, Secant, and Co- ” 
ſecant of any Arc to go Degrees, either Natural or Logarithmical. [4 
Seek the Number of Degrees at the Top or Bottom of the Table; 
and the Minutes on the Left-hand downwards, or on the Right- 
hand upwards, and even therewith is both the Natural and the 
Les:rithmic Sine, Co-fine, Sc. to be found in its proper Column. 
but if the Arc contains any Parts of a Minute, intermediate to 
thoſe found in the Fable : Take the Difference between the Sines, 
Sc. of the given Degrees, and Minutes, and of che Minute next 
greater. Then as 1 is to that Difference, ſo is the given interme- 
diate Part of a Minute in Decimals to a Fourth; therefore multiply 
tliat Difference by ſuch decimal Part, and add the Product to the 
Sine, Tangent, and Secant, or ſubduct it from the Co- ſine, Co- 
tangent and Co- ſecant, of the given Degrees and Minutes, the 
Sum or Remainder will be the Sine, Fc. required.  _ f 
When any ſexageſimal Parts are given of a lower Denomination 
than Minutes, they may be reduced to the decimal Part of a Mi- 
nute, by the Table at the End of the verſed Sines. 


Example 1. To find the natural Sine of 1? 48! 28” 12/7. 


y 49... {oo v 
— , —— + » . 314108 N 
RE INSERT ĩͤ é.» r non 
Now 1: 2907 : (28 “/ 12/''=) 0.47': 1366, or 2907 x 0.47/=1 366 

The natural Sine of 17 487,......... Ta Tg 214108 


The natural Sine of 148/28“ VVV 
Note, If the Diff. 2907 was multiplied by 2 842% and the Pro- 
duct divided by Co, the Quotient would be 1366, as before. 
N 7 1 Example 
LL 2 


7 3 4, 22 


Of the Table of Sines, &c. = 


Fxample'n 2. To find the Log. Sine of 15 * 28“ 3 
The Log. Sine of 148“. . 8. 4970784 
The proportional Difference for Seconds given in aha 

Table is 666.9, and multiplied by 28/2 l 9 18807 

12%) produces nearly . IT. | 
The Log. Sine of 1 48! : 28/! 12/11, <15.+,9 5» 3: 8.406959 


vote, In theſe ſmall Arcs (if Exactneſs is ma 1t would be 
better to find firſt by this Table the natural Sine or Tangent, and 
then its Logarithm by the Table of the Logarithms of umbers. 


Example 35 To find the Log. Co-line of 88 117 2 480 


The Log. Co- ſine of 8811 e e 5008 
The proportional Diff. is 666.9. and Mult. by 317% 8 4 3 
(=71/7 4&7) 8 | 7 
The Log.-Co-line of 88% 11" oat 459 wn ad 3 498959 r 
Which is the ſame as the Log. Sine of | its Complement tound 
in Example 2. 


Example & FD find the Low VT angent of 2% E 36% | 


Thel Tangent of 22 8 8. N 
The proportional Dif. is 505, and Mui. by 23% 67 6968 

(% ᷣ ⁰ V] .. „ 199 
The Log. Tangent of 2 23 33“ 96, TI 8.621009 

Or Log. Co-tang. of 87 36 26 24. | "5 e 


Note, The Log. Tangent ＋ Log. Co-tangent = = 20.0000000 
Alſo the Log. Sine + Log. Co-ſecant. es 000G0QJ 


Example 5. To find the Log. Secant of 20 37 320 24/1, 


The Log. Secant of 2 87 . «+ 10,0005759 
The Diff. is 1. 083, and Mult. by 5 4 Ps 24% produces 35 


The Log, Secant of 2* 57! 32" 24%. | . +... « 10.000794 
The Log. Co ſine of 2 57 32 24 therefore i 8 2.294288 


For the Log: Secant and Log. Co- ſine together make 20.000000 


II. A natural or logarithmic Sine, Co-fine, T, angent, Co-Tangent, 
Secant, or Co. ſecant being given, to find the Arc. 


Take the next leſs of the ſame Kind found in the Tables, and 
ſubduct it from. that given, obſerving the Degrees and Minutes 
anſwering to it; then divide the Remainder, by the tabular Dif- 
ference for Seconds between it and the next greater, the Quotient 

E | will 


26 Of the Table of Sines, &c. 
will give the Seconds to be added to, or ſubtracted from the De- 
rees and Minutes before found. 


A Decimal Fraction may be reduced to a Sexageſimal, as the 
Table at the End of the Verſed- ſines. 


Example 1. Given the Log-ſine 9. 93938 59 to find the Arc. 
The Log-ſine of the next leſs 43 41! is 9.8392719 


The tab. diff. for ſec. for next great. is 22.03)1140.000(;1''.75 
Anſwer 43* 41 $1.75=43% 410 51% 45". 


Example 2. Given the Log. Pangent 9. 6766687 to find the Arc. 
The Log. Tang. of the next leis 25% 24“ is 9. 6765426 


The Tabular Diff. for next greater is 54.331261 000023“. 21 
Anſwer 25 24 23. 21=25% 24! 23! 13/11, 


Example 3. Given the Log-ſecant 10.20411 74t to find the Arc. 
The Log: ſec. of the next leſs 31 19/ is 10. 2041091 


The Tabluar Diff. for next greater is . 26.35)83. 0000{ 3"! 15 
_ Anſwer 31190 3'.15=251 19! 3"! gf. 


Example 4. Given the Log. Co ſine 9.9994206tofind the Arc. 
TheL.Co-fineof2® 587 being the next leſs is. 9994176 


The Tabular Diff. for next greater is. . 1083) 30. nr, 
Anſwer 2*/57! 32.3=20 57! 32) 18! "oo 


Note, Here the 27//.7 is to be ſubtracted Bom the 25 * firſt 
found. 


Example 5. Given the Nat. Co. fine 315.474 to find the Arc. 
The Nat. Co- ſine of 88* 127 the next leſs is 314.108 


The Tabular Diff. for next greater is 48.451 300. oo (28.16 
| Anſwer 88* 117 31”.84=880 11031“ 50%. 


CHAP. 


nA VE 
We Caſes of Right-Lined Triangles ſolved by Logarithms. 


. this and the next Chapter it is to be obſerved, that when we 
ſay the Sine, Tangent, Sc. we mean the Logarithmic Sine, 
Tangent, Fc. as found by the Table. 


5 Prop. . Having the Angles, and one Side, to find either of the 
other Sides. 


Add the Logarithm of the given Side to the Sine of the Angle | 
oppoſite to the Side required, and from the Sum ſubtract the Sine 


of the Angle oppoſite to the given Side, the Remainder will de 
the Logarſthm of the Side required. 


Example, In the Triangle BCE Figure 2. having the A cite 5 
CEB 99 deg. CBE 51 deg. 56 min. BCE 38 a: 4 min. and the 
Side BE 197.3; to find the Side CE. 


2.2951271 Log. of 197.3. 
9-8961369 Sine of 51 deg. . 
12.19 12640 Sum 


9.78998 80 Sine of 38 deg. 4. min. 
2. 4012760 Log. of 251.9278 for CE required. 


Or you may add the Complement of the Sine of the Angle op- | 
poſite to the given Side, to the two other Logarithms, the Sum 
(abating Radius) 1s the Logarithm of the Side required, as ſhewn 
in Prop. III. Chap. III And it is to be obſerved, that the Com- 
plements of the Sines in the Table are to be found i in the Columns 
of the Co- ſecants: For paſſing over the firſt Unit) the Co-ſecants 
of the ſame Arcs, are Complements of the ſame Sines. 


The Sine of 38 deg. 4 min. being 9-7899380, the 
Co ſecant of 38 deg 4 min. is 10.2 100120, (which omuting the 
firſt ha is the Complement of the ſaid Sine, * 


o. 2100120 Co. of Sine of 38 deg. 4 min, 


2.2951271 Log of 199.3 
9.8961 369 Sine of 51 deg. 56 min. 
2.4012760 Log, of 251.9278, as before, 


E 2 But 
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28 Of Right-lined Triangles. 
But if one Side and the Angles of a right-angled Triangle be 
known, and you would have the other Side, as in the former Ex- 
ample, the Operation will be eaſier thus; | 
Add the Tangent of the Angle oppoſite to the Side required, to 
the Logarithm of the given Side, the Sum (abating Radius) is the 
Logarithm of the Side required. | | 
10 1061489 Tangent of 51 dee. 56 min. 
_2.2951271 Log. of 197.9, 
2.4012760 Log. of 251.9278 as before. 


Prop. II. Having two Sides, end an Angle oppoſite to one of them ; 
to find the other two Angles, and the third Side. 
Add the Sine of the Angle given, to the Logarithm of the Side 
adjoining that Angle, and from the Sum ſubtract the Logarithm of 
the Side oppoſite to that Angie, the Remainder ſhall be the Sine 


of the Angle oppoſite to the adjoining; Side. 


Example. In the Triangle ABC, Fig. 2, having the Side AC | 
800, BC 320, and the Angle ABC 128 des. 4 min. to find the 
Angles BAC, ACB, and the Side AB. rs 
9.8901369 the Sine of 128 deg. 4 min. 
2.5051500 Log. of 320: oy 
12.4012869 Sum 
 2.9030900 Leg. of 800. 
9.498 1969 Sine of 18 deg. 21 min. for BAC. 
Having the Angles BAC and ABC, the Angle AC; is their 


_ Complement to 180 deg. viz. 33 dep. 35 min. and you may find the 
Side AB by the firſt Propofition, ATR > ven 


Prop. III. Having two Sides, and the Angle between them; to find 


the other two Angles, and the third Side. | 
If the included Angle be a right one, add the Radius to the Lo- 
garithm of the leſſer Side, and from the Sum ſubtract the Loga- 
rithm of the greater Side, the Remainder ſhall be the Tangent of 
the Angle oppoſite to the leſſer Side. . ; 
Example. In the Triangle BCE, Fig. 2. having the Side BE 
197.3, and CE 25149; to find the Angles BCE, CBE, and Side 
CB. | 1 


12.2951271 Rad. added to Log. of 19 
24012278 Log. of 251.9. „ 8 


9.8938989 Tang. of 38 dep. 4 min, for BCE. 


But 
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But if the Angle included be oblique; add the Logarithm of 
the Difference of the given Sides to the Tangent of half the Sum of 
the Angles unknown, and from the Sum ſubtract the Logarithm 
of the Sum of the given Sides, the Remainder ſhall be the Tangent 


of the half of their Difference. 


Example. In the Triangle ABC Fig. 2. having the Side AB 562, 
BC 320, and the Angle ABC 128 deg. 4 min. to find the Angles 
BAC, ACB, and the Side Acc. 

The Sum of the given Sides is 882, and the Difference 242, the 
half Sum of the Angles unknown is 25 deg. 58 min. "I 

2.3838154 Log. of 242 Diff. of the Sides 

9.0875402 Tang. of 25 deg. 58 min. 
12.0713556 Sum „„ 

2. 9454686 Log. of 882 Sum of the Sides 
9.125887 Tangent of 7 deg. 37 win. | 

Theſe 7 deg. 37 min. being added to 25 deg. 58 min. the half 
Sum of the Angles unknewn, the Sum 1s 33 deg. 35 min. for the 
greater Angle ACB; and the ſame 7 deg. 37 min. being ſubtracted 
trom 25 deg. 58 min. the Remainder is 18 deg. 21 min. for the leſ- 
ſer Angle CAB. Laſih, Knowing the Angles, and two Sides, the 
third Side may be found by the firſt Propoſition. 


Prop. IV. Having the three Sides; to find any Angle. 

Add the three Sides together, and take half the Sum, and the 
Differences betwixt the Half Sum and each Side: Then add the 
Complements of the Logarithms of the Half-Sum, and of the 
Difference between the half Sum and the Side oppoſite to the Angle 
ſought, to the Logarithms of the Differences of the-Half-Sum and 
the other Sides; half their Sum will be the Tangent of half the 

Angle required, I . ws, 


Example. In the Triangle ABC, Fig. 2. having the Side AB 
562, AC 800, and BC 320, to find the Angle ABC, 
AC=800]H=841 co. Log. 7.0752040 
AB=502|H—AC=41 c. l. 8.3872161 
BC=320|/H—AB=279 Log. 2.4456042 
ſum 1682|H—BC=z21 Log. 2.7168377 
zfum841=Hd {um 20.6248620 
Tang. of 64d. 2m. ſum 10. 3 124310 
Whoſe Double 128 deg. 4 min. is the Angle ABC. 


CHAP. 
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CHAP, VI. 
The Caſes of Spherical Triangles ſolved by Logarithms. 


HE Reſolution of Spherical Triangles is performed by the 

Table of Sines, Tangents and Secants, which we ſhall ſhew © 
by the 28 Propoſitions following, whereof 16 are of right-angled, 
and 12 are of obhque-angled Triangles; and firft a 


Of the Right- angled Triang les. 


Prop. I. Having the Legs; to find the Hypothennſe. 
Add the Co-line of one Leg, to the Co- ſine of the other Leg; 
the Sum (abating Radius) is the Co-ſine of the Hypothenuſe re- 
quired. | | | I» 


Example In the right-angled Triangle ACB, Fig. 3. having 
AC, 27 deg. 54 miu. and BC 13 deg. 30 min. to find AB the Hy- 
pothenule, 

9911927 Co- ſine of 11 dep. 30 min. 
3 Co- ſine of 27 deg 54 min. 
9.9375298 Co- ſine of 30 deg. 00 min. for AB required. 


Prop. II. Having the two Legs; to find either of the Angles. 


Add the Sine of the Leg next the Angle fought, to the Co-tan- 
gent of the other Leg; the Sum (abating Radius) is the Co-tangent 


of the Angle required. 


Example. In the right-angled Triangle ACE Fig. 3. having 
AC 27 deg. 54 min. and BC 11 deg. 30 min. to find the Angle 
BAC. | | 

9.6701807 Sine of the next Leg 27 deg. 45 min. 
10.6945374 Co-tang, of the op. Leg 14 dep. 30 min. 
10.3017181 Co-tang. of BAC. 27 deg. 30 min, 


Prop. III. Having the Hypothenuſe, and one of the Angles, to find 
EO tbe other Angle. 
Add the Co- ſine of the Hypothenuſe to the Tangent of the 
Angle given; the Sum (abating Radius) is the Co- Tangent of the 
Angle required. 


Example. In the right-angled Triangle ACB, Fig. 3. 3 
| = : the 
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the Hypothenuſe AB 30 deg. and the Angle ABC 69 deg. 22 min. 


to find the Angle BAC. 


99375306 Co. ſine of Hyp. AB 30 deg. 
10. 4241896 Tang. of ABC 69 deg. 22 nin. 


10.361 7202 Co-tang. of BAC 23 deg. 30 min. 


Prop. IV. Having the Hypothenuſe, and one of the Angles; to find 


the Leg next the given Angle. 
Add the Tangent of the Hypothenuſe to the Co-ſine of the 


Angle given; the Sum (abating Radius, is the Tangent of the 
Leg required. 


Example. In the ate ated Triangle ACB, Fig. 3. having the 
Hypothenuſe AB 30 deg. and the Angle ABC 69 deg. 22 min. to 
find the Leg. BC: 

9.7614393 Tang. of Hyp. AB 30 dep. 
9.5470188 Co- ſine of ABC 69 deg. 22 min. 


— 


9. 3084581 Tang. of Leg BC 11 dep. 30 min. 


Prop. V. | Having the Hypothenuſe, and one of the Angles, to find 
. the Leg oppoſite to the given Angle. 


Add the Sine of the Hypothenuſe to the Sine of the Angle 
given; the Sum (abating Radius) is the Sine of the Leg required. 


Example. In the right angled Triangle ACB, Fig. 3. having 
the Hypothenuſe AB 30 dep. and che 2 BAC 23 deg. 30 min. 
to find the Leg BC. 


9.6989700 Sine of Hyp. AB 30 deg. 
9.6006997 Sine of BAC 23 deg. 30 min. 
9.2996697 Sine of Leg BC 11 deg. 30 min. 


Prop. VI. * one of the Legs, and the Angle next it; to find 
the Hypothenuſe. 


Add the Co tangent of the given Leg, to the Co-fine of the 
Angle given; the Sum (abating Radius) is the Co-tangent of the 
Hy pothenuſe required. 


Example. In the right-angled Triangle ACB, Fig. 3. having 
the Leg AC 27 deg. 54 min. and the Angle * 23 deg. 30 min. 
to find the W AB. 


10.276136 
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10. 2761563 Co-tang- of Leg AC 27. deg. 54 min. | 
9.962397 Pains of BAC 23 deg. 30 min. 
10.2385540 Co-Tang. of Hyp. AB 39 deg. 


Prop. VII. Having one of the Legs, and the Augle next it; to find 
the other Leg. 


Add the Sine of the Leg given to the Tangent of the Angle 
given; the Sum (abating Radius) is the Tangent of the Leg 


required. 


Example. In the debt anglecd Triangle ACB, Fig. 2 having the 
Leg AC 27 deg. 54 min. and the Angle BAC 23 deg. 30 min. to 
find the Leg BC. 

. 9.6701 807 Sine of Leg AC 27 deg. 54 min. 
9.638 3019 Tang of BAC 23 deg. 30 min. 
9. 3084826 Tang. of Leg BC 41 deg. 30 min. 


Prop. VIII. Having one of the Legs, and the Angle next it; 40 find 
the other Angle. 


Add the Co-ſine of the given Leg to the Sine of the Angle 
given; the Sum (abating Radius) is the Co-line of the Angle re- 
quired. 


Example. In the right- angled Triangle ACB, Fiz: 3. having the 
Leg BC II deg. 30 min. and the Angle ABC 69 deg. 22 min. to find 


the Angle BAC. 
9-994-1927 Co- ſine of Leg BC 11 deg. 30 min. 
9.9712084 Sine of ABC 69 deg. 22 min. 
9.9624011 Co: ſine of BAC 23 deg. 30 min. 


Prop. IX. Having. one of the Legs, and the Angle oppe/i te to it ; 
to find the Hypotbenuſe. 


Add-the Radius to the Sine of the given Leg, and from the 
Sum ſubtract the Sine of the Angle given, the Remainder 1 is the 
Sine of the Hypothenuſe required. 


Example. In the right angled Triangle ACB, Fig. 3. having the 
Leg BC 11 deg. 30 min. and the Angle BAC 23 deg. 30 min. to 
find the Hypothenuſe AB. 

19.2996553 Rad. Sine of 11 deg. 30 min. 
2: 500699) Sine of BAC 23 deg. 30 nin. 
96989550 Sine of 30 deg. for AB required. 


Prop. 
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Prop. X. Having one of the Legs, and the oppo te ab to find 
the other Leg. 


Add the Tangent of the given Leg, to ) the Co-tangent of the 
given Angle; the Sum (abating Radius) is the Sine of the Leg 


required. 


Example. In the right-angled Triangle ACB, Fig. 3. having the 
Leg BC II deg. 30 min. and the Ang BAC 23 deg. 30 min. to 
find the Leg. C. 

9. 3084626 Tang. of Leg. BC 11 deg. 30 min. 
10. .3616981 Co- tang. of BAC 23 deg. 30 min. 
9.670160 Sine. of Leg AC 27 deg. 54 min. 


Prop. Xl. Having one of the Legs and the Angle pe te to it; to 
| find the other Angle. 


Add the Radius to the Co-ſine of the given Angle, and from 
the Sum ſubtract the Co- ſine of the Leg given; the Remainder 
is the Sine of the Angle required. 


Example. In the right. angled Triangle AcB, Fig. 3. having 
the Leg BC 11 deg. 30 min. and the Angle BAC 23 deg. 30 min. 
to find the Angle ABC. 


19 9623977 Rad. -Co- ſine of 23 dep. 30 min. 
9.991192 Co- Sine of Leg BC 11 deg. 30 min. 


9.9712050 Sine of ABC 69 deg. 22 min. 


Prop XII. Having one of the Legs, and the ee to find 
the Angle next the given Leg, 


Add the Tangent of the given Leg, to the Co-Tangent of the 
Hypothenuſe, the Sum (abating ROI: is the Co-ſine of the 
Angle required. 


Example. In the right-angled Triangle ACB, Fig. 3. having 
the Leg AC 27 deg. 54 min. and * Hypothenuſe AB 30 dg. to 
find the Angle BAC. 


9. 7238436 Tang. of Leg AC 27 deg. 54 min. 
10. 2383606 Co- tang. of Hyp. AB 30 deg. 
9.962 4042 Co- ſine of BAC 23 deg. 30 min. 


F Prop, 


34 Of Spherical Triangles. 


Prop. XIII. Having one of the Legs, and the Hypathenuſe ; to find 
the Angle oppoſite the given Leg. 
Add the Radius ro the Sine of the given Leg, and from the 


Sum ſubtract the Sine of the Hypothenuſe, the Remainder ſhall 
be the Sine of the Angle required. | 


Example. In the right-angled Triangle ACB, Fig. 3. having the 
Leg BC 11 deg. 30 min. and the Hypothenuſe AB 30 deg. to find 
the Angle BAC. | 1 | 
19.2996553 Rad. Sine BC 11 deg. 30 min. 
9.6989700 Sine of Hyp. AB 30 deg. 
9.6006853 Sine. of BAC 23 deg. 30 min. 


Prop. XIV. Having one of the Legs, and the Hypotbenuſe ; to find 
the other Leg. | 
Add the Radius to the Co-ſfine of the Hypothenuſe, and 
from the Sum ſubtract the Co Sine of the given Leg, the Re- 
mainder is the Co-ſine of the Leg require. | 
Example. In the right-angled Triangle ACB, Fig: 3. having the 
Leg BC 11 deg. 30 miu. and the Hypothenuſe AB 30 deg. to find 
the Leg AC: | | g 
19.9375306 Rad. ＋ Co- ſine of AB 30 deg. 
9.9911927 Co-Sine of Leg BC 11 deg. 30 min. 
9.9463379. Co- ſine of Leg AC 27 deg. 54 min. 


Prop. XV. Having the Angles; to find the Hypothenuſe. 


Add the Co-tangent of one oblique Angle to the Co-tangent of 
the other oblique Angle; the Sum (abating Radius) is the Co- 
ſine of the Hypothenule required; 


Example, In the right-angled Triangle ACB, Fg. 3. having the 
Angle BAC 23 deg. 30 min. and the Angle ABC 69 deg. 22 min. 
to find the Hypothenuſe AB. T 

10.3616981. Co-tang. of BAC 23 deg. 30 min. 
95758104 Co-tang, of ABC 69 deg. 22 min. 
9.9375085 Co ſine of Hyp. AB 30 deg. 


Prop. XVI. Having the Angles, to find either of the Legs. 


Add the Radius to the Co-ſine of either oblique Angle, and 
from the Sum ſubtract the Sine of the other oblique Angle, the Re- 


mainder 
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mainder ſhall be theCo-ſine of the Leg oppoeſite to the Angle, 
whoſe Co-ſine was taken, e 

Example In the right-angled Triangle ACB, Fig. 3. having 
the Angle BAC 23 deg. 30 min. and the Angle ABC 69 deg. 22 
min. to find the Leg BC. 5 | 

19.9623977 Rad. Co- ſine of BAC 23 deg. 30 min. 
9.9712084 Sine of ABC 69 deg 22 min. 
9.9911893 Co-fine of Leg BC 11. deg. 30 min, 


— * 2 : > "5 "ns. ad 


Of OBLIQUE TRIANGLES. 


Prop. XVII. Having the three Sides; to find any of the Angles. 
Add the three Side together, and take half the Sum, alſo the 
Difference between the half Sum and the Side oppoſite to the 
Angle fought. Then add the Complements of the Sines of the 
other Sides, to the Sines of the half Sum and of the ſaid Diffe- 
rence; half the Sum of theſe four Logarithms is the Co-Sine of 
half the Angle required. ; 


Example. In the Triangle SZ P, Fig. 4. having the Side ZS 
40 deg. PS 70 deg. and PZ 38 deg. 30. min. to find the Angle 


ZPS 
PS =70 of Comp. of its Sinne 0. 0270142 
P = 38 30] Comp. of its Sine . . 0.205850; 
28 o of Sine of half Sum... : . . 9.983380 
Sum 148 30 Sine of Diff. « « » » 9.7503579 
+ Sum 74 15 Sum 19.9666031 
ZS = 40 O| Co-ſine 15 deg. 47 min 9.9833015 


Diff. 34 15| Whoſe double 3 1 deg. 34 min. is Z PS required. 


Prop. XVIII. Having the three Angles; to find the Sides. 
Subtract each Angle from 180 deg. the Remainder will form the 
Sides of a new Triangle wherein the Supplements of the Angles, 
are the Sides of the Triangle. propoſed ; then the Operation ſhall 
be the ſame as in the laſt Propoſition, 


F 2 Prop 
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Prop. XIX. Having two Angles, and a Side oppoſite one of them; 
| 1390 find the Side oppoſite the other Angle. 
Add the Sine of the Side given to the Sine of the Angle oppo- 


ſite to the Side required, from the Sum ſubtract the Sine of the 
Angle oppoſite to the Side given, the Remainder fhall be the Sine 


oi the Side required. 1 
Example. In the Triangle SZ P, Fig. 4. having the Angle SZ P 
130 deg. 3 min. 12 ſec. SPZ 31 deg. 34 min. 26 ſec. and the Side a 


ZS 40 deg. to find the Side PS. 
9. 8080675 Sine of the Side ZS 40 dep. 
9.8839 145 Sine of SZ P 130 deg. 3 min. 12. ſec. 
19.69 19820 Sum | 
9.7189976 Sine of SPZ 31 deg. 34 min 26 ſec. 
9.9729844 Sine of 70 deg. for PS required. 


Prop. XX. Having two Ang les, and a Side oppoſite to one .of them 1 
to find the Side between the Angles given. 


Let a Perpendicular fall from the Angle unknown, upon its 
oppolite Side: Then add the Co- ſine of the given Angle next the 
given Side, to the Tangent of the given Side; the Sum (abating 
Radius) is the Tangent of the firſt Arc, comprehended between 
the given Angle next the given Side, and the Segment of the Side 

where the Perpendicular falls. | | | 


” 


The ſecond Arc comprehended between the fame Segment and 
the other Angle, is to be found thus: Add the Sine of the Arc 
found, to the Tangent of the given Angle next the given Side, 
and from the Sum ſubtract the Tangent of the other Angle given, 
the Remainder ſhall be the Sine of the ſecond Arc. 8 

The Sum or Difference of theſe Arcs will be the Side required. 

Example. In the Triangle SZP Fig. 4 having the Angle ZPS 
21 deg. 34 min. 26 ſec. ZSP 3o deg. 28 min. 12 ſec. and the Side 
PZ 38 dep. 30 min. to find the Side SP. | 

9.9304222 Co-ſine of ZPS 3134 26 
9.9006052 Tang. of PZ 38 3o/ | 
9.8310274 Tang, of 34* 7 for PR firſt Arc. 
9:7489630 vine of PR 34 7H 
9.7885756 Tang. ZPS of 31% 34' 26” 
19.5275386 Sum „ 
4575 Tang. of ZSP 30 28 1270 
9-7679103 Sine of 35˙ 524 for SR ſecond Arc, 


Now 
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Now in this: Example, adding PR 34 deg. 7% min. (the firſt 
Arc) to SR 35 deg. 524 min. (the ſecond Arc) the Sum is 70 deg. 
for SP required. But when the Perpendicular falls out of the 
Triangle, the Difference of the two Arcs will be the Side required. 


Prop. XXI. Having two Auples, and a Side oppoſite to one of them; 
e to find the third Angle. 

Let a Perpendicular fall from the Angle unknown, upon its 
oppoſite Side: Then add the Co- ſine of the given Side to the 
Tangent of the adjacent Angle; the Sum (abating Radius) is the 
Co: tangent of the firſt Angle to be found, comprehended by the 
given Side and the Perpendicular. | 

And the ſecond Angle, comprehended by the Perpendicular 
and the Side unknown, 1s to be found thus: 

Add the Sine of the Angle found, to the Co-ſine of the given 
Angle oppoſite to the given Side, and from the Sum ſubtract the 
Co- ſine of the other Angle given, the Remainder ſhall be the Sine 
of the ſecond Angle, | . 

The Sum or Difference of theſe two Angles will be the Angle 
required. 


Example. In the Triangle Sz P, Fig. 4. having the Angle 
2s 31 deg. 34 min. 26 ſec, ZSP 30 deg. 28 min. 12 ſec. and the 
Side PZ 38 deg. 30 min, to find the Angle SZP. "Aa 

9.8935444 Co-fine of PZ 38 301 

9.7885750 Tang. of ZPS 31? 34' 26/ 

9.68 21200 Co-tang. of 64 18! 50“ for PZ R firſt Angle 

9.9548126 Sine of PZR 64 18“ 50/! 

9. 9354567 Co- ſine of ZSP 3028“ 12“ 

19.8902 693 Sum | 258 

9.9304222 Co-line ZPS 31* 34' 26% 

9.9598471 Sine of 65° 44' 23, for Sz R ſecond Angle 
Na in this Example, adding PZR 64 deg. 18 min. 50 ſec. 
(the firſt Angle) to SZR 65 deg. 44 min. 23 ſec. (the ſecond 
Angle) the Sum is 130 deg. 3 min. 13 ſec. for the Angle SZP re- 


quired. But when the Perpendicular falls out of the Triangle, 


the Difference of the two Angles will be the Angle required. 


Prop, XXII, Having * Sides, and the Angles between thems to 
= find find either of the other Angles. | 


Let a Perpendicular fall from the unknown Angle not required 
upon its oppoſite Side: Then add the Co- ſine of the given Angle, 


©. 
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to the Tangent of the given Side oppoſite to the Angle required, 
the Sum (abating Radius) is the Tangent of the firſt Arc, com- 
prehended between the given Angle and the Segment of the given 


_ Sice where the Perpendicular falls, 


And the ſecond Arc is the Difference of that Side, and the firſt 


Arc, being comprehended between the ſame Segment, and the 
Angle required, | = 


Now add the Sine of the firſt Arc, to the Tangent of the given 
Angle, and from the Sum ſubtract the Sine of the ſecond Arc, the 
Remainder thall be the Tangent of the Angle required. 


Example. In the Triangle SZP, Fig. 4. having the Side PZ. 
38 deg. 30 min. PS 70 deg. and the Angle ZPS 31 deg. 34 min. 
26 ſec. to find the Angle ZSP. . | 


9.9304222 Co- ſine of ZPS 31® 34! 26" 
9. 9006032 Tang. of ZP 38* 307 

9.83 10274 Tang. PR 34 7+ firſt Arc. 
9.748960 Sine of PR 34 7 
9.788756 Tang. of ZPS 31 34/ 26“ 


19.5375386 Sum 


9.7679 115 Sine of SR 35* 523/ ſecond Arc. 


„ 


9. 7096271 Tang. of 300 280 12“ for ZSP required. 


To find both the Angles unknown. 


Add the Complement of the Sine of half the Sum of the given 
Sides, the Sine of half their Difference, and the Co-tangent of 
half the Angle given together; the Sum (abating Radius) is the 
Tangent of halt the Difference of the Angles required. 


Add alſo the Complement of the Co- ſine of half the Sum of the 
given Sides, the Co- ſine of half their Difference, and the Co-tan- 
gent of half the Angle given together; the Sum (abating Radius) 
is the Tangent of half the Sum of the Angles required. | 


Then add the half Difference of the Angles required, fo their 


half Sum, and you will have the greater Angle; and ſubtract the 


Half. difference from the Half-ſum, and you wilt have the lefler 
Angle required, the ſame as in the former Operation, 


PS 


0 8 pherical 88 39 


PS—70%0/|Co, of fine 4 ſum 0.0906719|Co. of cs I ſum o. 2334015 
52 8 30 Sine of 3 2 diff. 9. 4336746 Co fine of Z diff. 9.9833805 
0-tang. 128 ro.5486352 
Tan. 40%7/ 30/10. 7298170 Tan. 8015/42“ 7054 172 
Half the ſum of the Angles n is . . 80 15) 42“ 
Half the Difference is 23 + . 49 47 30 
The greater Angle ZPS iss. r30 1 12 

The leſſer Angle ZSP is as before. 30 28 12 


PS= 70® 9/ 
PZ 38 30 
Sum 108 08 30 Diff. 31 = 1258 10.4863 52 


28 um 5415 Diff. 15 4 5 
AngleZPS=31® 34/26// 
2 ZSP=ig5 47 13 


Prop. XXIII. | Having two Sides, and the Angle between them; 
to find the third Side. 


Let a Perpendicular tall from either of the Angles unknown, 
upon its oppoſite Side: Then add the Co- ſine of the given Angle, 
to the Tangent of the Side from whoſe End the Perpendicular is Jer 
fall: the Sum (abating Radius) is the Tangent of the firſt Arc, 
comprehended between the Angle given, and the Segment of the 
Side where the Perpendicular falls. 

And the ſecond Arc is the Difference of that Side and: the firſt 
Arc, being comprehended between the lame Segment and the End 
of the dide required. 

Now add the Co-ſine of the ſecond Arc, to the Co-fine of the 
Side from whoſe End the Perpendicular falleth, and from the Sum 
ſubtract the Co- ſine of the firſt Arc found, the Remainder ſhall be 
the Co- ſine of the Side required. 


Example. In the Triangle SZP, Fig. 4. having ha Side PZ 
38 deg. 30 min PS 70 deg. and the Angle ZPS 31 deg. 34 min. 
26 ſec. to find the Side ZS. 


9 9304222 Co-fine ZPS 31" 34! 26” 
9.9006052 Tang. of PZ 38 30/ 
9 83102724 Tang. PR 3473 firſt Arc 


9. 8935444 Co- fide of PZ. 385 300 
9. 9086444 Co- ſine of SR 35? 524 ſecond. Arc 


19.8021888 Sum 
9.9179336 Co-ſine of PR 34 7 firft Arc 


9.8842552 Co- ſine of 40 for ZS required. 


Prop. XXIV. Having two Sides, and the Angle oppoſi. je to one of 
them; to find the Angle oppoſite to the. other Side. 


Add the Sine of the. Angle given, to the Sine of the Side op- 
poſite the Angle required, and from the Sum ſubtract the Sine of 
the Side oppolite to the Angle given, the Remainder ſhall be the 
Sine of the Angle required. 

| | Foxemple* 


40 / Spherical Triangles. 


Example. In the Triangle SZ P Fig. 4. having the Side PS 56 
deg. ZS 40 deg. and the Angle SZP 130 deg. 3 min. 12 ſec. to find 


the Angle ZPS. 


9.8839145 Sine of SZP 1300 2! 12“ 
9.8080675' Sine of ZS 40® 

19.6919820 Sum | 

 9.9729858 Sine of PS 70" | 
9.7189962 Sine of ZPS 31*® 34! 26/' required. 


Prop. XXV. Having two Stdes, and the Angle oppoſite to one of 
them; to find the third Side. | 

Let a Perpendicular fall from the Angle between the Sides 
given, upon its oppoſite Side: Then add the Co- ſine of the Angle 
given, to the Tangent of the given Side next that Angle; the Sum 
(abating Radius) is the Tangent of the firſt Arc, comprehended 
between the given Angle, and the Segment of the Side where the 
Perpendicular falls. | e 

Now the ſecond Arc comprehended between the ſame Segment, 
and the End of the Side required, is to be found thus: Add the 
Co- ſine of the firſt Arc, to the Co- ſine of the given Side oppoſite 
to the Angle given, and from the Sum ſubtract the Co- ſine of the 
other Side given, the Remainder ſhall be the Co- ſine of the ſecond 
Arc. | 

The Sum or Difference of theſe two Arcs will be the Side re- 
quired. | | 


Example In the Triangle SZP, Fig. 4. having the Side PZ 
38 deg. 30 min. SZ, 40 deg. and the Angle SPZ 31 deg. 34 min. 
26 ſec. to find the Side PS. 1 


9.93042 22 Co: ſine of SPZ 31834“ 26/ 
9.900603 2 Tang. of PZ 380 300 

9.8310274 Tang. of PR 34 / 30“ firſt Arc: 

9. 9179336 Co- ſine of PR 34 “ 30“. 
9.8842 640 Co ſine of SZ 40? 
19.802187 Sum 

9.893444 Co- ſine of PZ 380 30 
9.908643 2 Co- ſine of SR 35* 62 30“! ſecond Arc. 


Now in this Example, adding PR 34 deg. 75 min. (the firſt Arc) 
to SR 35 deg. 52 min. (the ſecond Arc) the Sum is 70 dep. for 
PS the Side required. But when the Perpendicular falls out of the 


Triangle, the Difference of the two Arcs will be the Side required. 
| Prop. 


Of Spherical Triangles. 4t 


Prop. XXVI. Having two Sides, and the Angle oppoſite to one of 
them; to find the Angle between them. © 
Let a Perpendicular fall from the Angle between the Sides 
given upon its oppoſite Side: Then add the Co- ſine of the given 
Side next the given Angle, to the Tangent of that Angle; the 
Sum (abating Radius) is the Co-tangent of the firſt Angle to be 
found, comprehended by the given Side next the Angle given, and 
by the Perpendicular. | — 4 
Now the ſecond Angle comprehended by the Perpendicular, and 
the other given Side, is to be found thus: Add the Co- ſine of the 
firſt Angle found to the Tangent of the given Side next the Angle 
given, and from the Sum ſubtract the Tangent af the other given 
Side, the Remainder ſhall be the Co- ſine of the ſecond Angle to be 
found. | + 
The Sum, or Difference of the firſt and ſecond Angles, ſhall be 
the Angle required. | a 5 
Example. In the Triangle SZ P, Fig. 4. having the Side PZ 38 
deg. 30 min. SZ, 40 deg. and the Angle SPZ 31 deg. 34 min. 26 
fec. to find the Angle SZ P. 
9. 8933444 Co- ſine of PZ 380 30 
9.7885756 Tang. of SPZ 3134/26“ e 
 9.6821200 Co- tang. of PZR 64® 18? f0“ firſt Angle 
9. 6369296 Co ſine of PZR 64 187 50. 
9. 9006092 Tang. of PZ 38 got 
19 5375348 Sum _ 
9.9238 135 Tang. of SZ 40? a 1 
9.6137213 Co- ſine of SZR 65* 44' 23“ ſecond Angle. 


Now in this Example, adding PZR 64 deg. 18 min 50 ſec. (the 


| firſt Angle) to SZR 65 deg. 44 min. 23 ſec. (the ſecond Angle) 
found, the Sum is 130 deg. 3 min. 13 ſec. for SZP the Angle re- 
| quired. | | bs 


Prop. XXVII. Having the two Angies, and the Side Jetween 
| them; to find either of the other Sides. 

Let a Perpendicular fall from that Angle given which is next 
the Side required, upon its oppoſite Side: Then add the Co-ſine 
of the given Side to the Tangent of the given Angle oppoſite to the 
Side required; the Sum (abating Radius) is the Co- tangent of the 
firſt Angle to be found, comprehended by the given Side, and the 

Perpendicular. - | ; | 
And the ſecond Angle is the Difference of the firſt, and the 
| | G* given 


— — ey 
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* Angle next the Side ſought, being comprehended by the 
Perpendicular; and that Side. e | 
Now add the Co- ſine of the firſt Angle found, to the Tangent 
of the Side given, and from the Sum ſubtract the Co- ſine of the 
ſecond Angle, the Remainder ſhall be the Tangent of the: Side re- 
quired... = as ot 
Example. In the Triangle SZP, Fig. 4. having the Angle 
SPZ 31 deg. 34 min. 26 ſec. SZP 130 deg. 3 min: 12 ſec. and the 
Side PZ 38 dep. 30 min. to find the Side SZ. 5 
9. 8935444 Co- ſine of PZ 380 30. 
9.7889756 Tang. of SPZ 31 34 26/ | 
 9.6821200 Co-tang. of PZ R 64 18/ 50“ firſt Angle 
9.369295 Co- ſine of PZR 64* 18! 30% . 
9. 9006032 Tang. of PZ 380 30“ 


19.537548 Sum REL 
295.5137221 Co- ſine of SZ R 65 44 22/! ſecond Angle: 


9.9238 127 Tang. of SZ 400 Side required. | 


To find both the Sides unknown. 


Add the Complement of the Sine of half the Sum of the Angles 
given, the Sine of half their Difference, and the Tangent of half 
the given Side together; the Sum (abating Radius) is the Tangent 
of half the Difference of the Sides 3 | 

Add alſo the Complement of the Co-fine of half the Sum of the 

iven Angles, the Co-ſine of half their Difference, and the Tan- 

gent of half the given Side together; the Sum (abating Radius) is 
the Tangent of half the Sum of the Sides required. | 

Then add the half Difference of the Sides required, to their half 
Sum, and you will have the greater Side; and ſubtract the half 
Difference from the half Surn, and you will have the leſſer Side re- 
quired, the ſame as in the former Operation. 


4. m. /.| | 


* 


Half their Difference is 6 % 48692 400 0 „ „„ 15 dep. 
The greater Side 8P is.. 70 deg. 
Leſſer Side 82 is, as before „ 2 2 „ 6 „ „%6 „ 40 asg. 


Prop. 


3 Side PZ. .....+ 1915 © 
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Prop XXVIII. Having two Angles, and the Side between them; 
to find the third Angle, * 
Let a Perpendicular fall from either of the Angles given, upon 
its oppoſite Side: Then add the Co ſine of the Side given, to the 
Tangent of the given Angle,. from which the Perpendicular does 
not fall, the Sum (abating Radius) is the Co-tangent of the firſt 
Angle comprehended by. the given Side and the Perpendicular. - .. 
And the ſecond Angle is the Difference of the firſt, and the gi- 
ven Angle that the Perpendicular fell from, being comprehended 
by the Perpendicular, and the Side oppoſite to the other Angle 
ven. x | 
L Now add the Sine of the ſecond Angle, to the Co- ſine of that 
given Angle from which the Perpendicular did not-fall, and from 
the Sum ſubtract the Sine of the firſt Angle found; the Remain- 
der ſhall be the Co-ſine of the Angle required. | 


Example. In the Triangle SZP, Fig. 4. having the Angle 
SZP 130 deg. 3 min. 12 ſec. SPZ 31 deg. 34 min. 26 ſec. and the 
Side PZ 38 dep. 30 min. to find the Angle PSE. = 

9.8935444 Co- ſine of PZ 38? 30! | 
9.7885756 Tang. of SPZ 31 34 26” 1 i 
9.6821200 Co-tang, of PZR 64 18/ 50 firſt Angle. 
9.9 304222 Co-Sine of 31“ 34 26”. | E | 
9.9598454 Sine of SZR 65* 44/ 22/! ſecond Angle. 
19.8902676 Sum 5 

9 9548126 Sine of PZR 64 18! 50'! firſt Angle 


— 


9:9354550 ( Co-Sine of PSZ 30? 28“ required. . 


as ET * . EA — „ * 


CHAP. vi. 8 
Of the Table of Natural and Logarithmic V erſed- fines a 


HE Natural and Logarithmic Verſed-ſines, in this Edition, 
1 are truly corrected and ſet next one another in Columns dit. 
tinctly titled; the Degrees throughout the Table,are ſer at the Top, 

and the Minutes number'd downwards at both Sides of each Page, 
quite on to 90 Degrees; 10 that the Verſed- ſine of either Sort is 


readily taken to every Minute of the Quadrant, but for any inter- 
| mediate 


44 Of the Verſed Si nes. 


l mediate Part; a Proportion muſt be uſed as in finding the Sine, 
i Tangent, or Secant. IEG ET 

| The Verſed-ſines are not here continued from go Degrees to 
[, | 180;. becauſe the Verſed-fine of an Arc above 90 Degrees is the 
very ſame with that of its Supplement, therefore, to ſupply this 
Defect; in the natural Verſed-ſines, add the Radius (=10000,000) 
1 to the natural Sine of the Exceſs of the Arc above go Degrees, the 
| Sum will be the natural Verſed-ſine required; and in the Loga- 
rithmic Verſed-fines, add 0.3010300 to twice the Log: ſine of half 
the Arc, the Sum abating Radius (=10.0000000) will be the Log. 
Verſed-fine required. ww 


Prop. I. Having two Sides of a ſpherical Triangle, with the Angle 
between them, to find the third Side. 3 


Add the Log. Verſed- ſine of the contained Angle, and the Log- 
fines of the two Sides together; the Sum (abating twice the Ra- 
dius) is the Logarithm of a Number to be found, and added to the 
natural Verſed- ſine of the Difference of the two given Sides, the 
Sum will be the natural Verſed- ſine of the third Side ſought. 

Or when the contained Angle is above go Degrees, add the 
Log. Verſed-ſine of its Supplement, and the Log · ſine of the two 
Sides together; the Sum (abating twice the Radius) is the Loga- 
rithm of à Number to be found, and ſubtracted from the natural 
Verſed ſine of the Sum of the two given Sides, the Remainder will 
be the natural Verſed-ſine of the third Side ſought. 


Example 1. In the Triangle SZP, (Fig. 4.) having the Side 
PZ 38 deg. 30 min. PS 70 deg. and the Angle ZPS 31 deg. 34 min. 
26 ſec, to find the Side ZS. 


9.1703625 Log. Ver. fine ZPS 31* 34/ 26“ 
9.7941496 Log. Sine of the Side PZ 380 3o/ 
9.9729858 Log. Sine of the Side PS 70/ 
8.9374979 Log. of the Number. 865,960 
Nat. Ver. fine diff. of Sides 31 3o' 1473,598 
Nat. Ver. ſine of fide ZS 400. . 2439,558 


Example 2. In the Triangle SZP (Fig. 4. having the Side PZ 
38 deg. 30 min. Es 40 deg. and the Angle SZP 130 dep. 3 min. 12 
fee. to find the Side PS. „ Oe 


9- 5520590 


Of the Verſed Sines. at 


The Angle VZPis the Supplement of SZP. 
9.55 20590 Log. Ver. fine VZP 499 56! 48 
9.7941496 Log. ſine of the ſide PZ 38 30! 


9. 8080675 Log. ſine of the ſide ZS 40% Fs”, + 
9-1542761 Log. of the Number « 1426.14 
Nat. Ver. ſine of Sum of the two given Sides 78* 30 .. 8006,321 
Nat. Ver. Sine of the fide PS 720... . . 6579,807 


Example. 3. In che Triangle LN (Fig. 5.) having the Side 
LP 84 deg. 33 min. PN 84 deg. 27 min. and the Angle LPN 106 
dep. 45 min. to find the Side LN. 

The Supplement of LPN is 73 deg. 15 min. 

9.852603 Log. Ver. ſine of 733“ 

9.9980323 Log. fine of LP 84% 334 

9. 9979593 Log. Sine of PN 84% 27 185 
9 8483519 Log. of the Number 7062, 643 
Nat. Ver. fine LP+PN 1699 19816,272 
Nat. Ver. Sine of LN 106* 2/ 35.7“ the Side req. 12763,629 


This Propoſition may be very uſeful in finding the Diſtances of 
Places on the Earth, whoſe Longitudes and Latitudes are known; 
the Diſtances of Stars, whoſe Declinations and right Aſcenſions, or 
Longitudes and Latitudes are known; and conſequently the Alci- 
tudes, or common Altitude of two Stars, or two Altitudes of the 
Sun, and Time between the Obſervations, or Difference of Azi- 
_— being taken, the Latitude of the Place may be readily 
ound. | . W 


Prop. II. Having two Angles of a Spherical Triangle, and the Side 
| between them to find the third Angle. 


Let the Angles be changed into Sides, and the Side Hig an 
Angle; then do as in the former Propoſition, and the Reſult will 
be the Supplement of the third Angle; but if one of the given 


Angles exceed go Degrees, take its Supplement, and the Refult 
will be the third Angle. a 


CH 


ET 


Of the Table of e of Latitude and Departure, or 
raverſe %% LEPC 


"HIS: Table is in this Edition fo contrived, as to have. the 
Whole in one View, and the double Column for 10, or 100 
Miles added to it, and is ſo plainly titled as to want little or no 
Explication. 5 1 5 
The Diſtances 1, 2, 3, at the Top and Bottom may be account- 
ed 10, 20, 30, Sc. and the 10, 100, if the Minutes of Latitude 
and Departure anſwering to the Courſe be increaſed in the ſame 
Proportion; ſo that if the Diſtance conſiſts of two ſignificant Fi- 
gures, the Difference of Latitude, and the Departure, is each to 
be taken out at twice, and if of three Figures at thrice. | 
The chief Deſign of this Table is for the ready and exact work- 
ing of a Traverſe; but it may alſo be applied to the Solution of the 
ſeveral Caſes of Plane Sailing. By; - 


Prop. I. Having the Courſe and Diſtance, to find the Difference of 
| Latitude and Departure. 


Seek the Courſe on the Left-hand of both Pages downwards, if 

leſs than four Points, or 45 Degrees; or if greater, on the right- 
hand upwards, and even with it in the double Column, ſign'd at 
the Top and Bottom with the Diſtance, is found both the Diffe- 
rence of Latitude and Departure. | 4. 


Example 1. A Ship fails S. S. W. 4 W. 37 Miles; the Diffe- 
rence of Latitude, and Departure are required. | 

Find the Courſe 24 Points on the Left-hand Side of each Page, 
and even with it in the double Columns ſign'd 3, and 7, the two 
Figures of the Diſtance, the Difference of Latitude for go is 25.732, 


and. for 7 is 6,004; the Sum is 31.736 fot the whole Difference of 
Latitude; and the Departure for 30 is 15.423, and for 7 is 3.599, 
the Sum is 19.022 for the whole Departure, ant he ; 


Thus D#ft. Diff. Lat. Dep. 
30. - + 25732 « « « « » 15.423 
3 _— 3.599 

37 Miles 31.736. 19.022 


Example. 


Of the Traverſe 7 able. | | > 


Example 2. A Ship fails S.E 4 E. nearly, or 49 Deg, 148 Miles; | 


the Difference of Latitude, and the Departure are required. | 
| Find the Courſe 49Degrees on theRight-hand:Side of each Page, 
and even with it in the double Columns fign'd 10, 4, and 8, the Dif- 
ference of Latitude at 100 Miles is 65. 606, at 40 is 26.242, and 
at 8 is 5.248, the Sum is 97,096 for the whole Difference of La- 
titude; and the Departure at 100 Miles is 75.471, at 40 is 33. 188, 
and at 8 is 6,038, the Sum is 111.697 for the whole Departure. 


Thus, Di. Diff. Lat. Depart. 
%%% 05-008 +; 5+ - Rom 
40 26.242. 30.188 
bY 8 „„ 0 «0. 5.248 „ 5 6.038 
| 148 Miles 97.096 ES 111.697 Nee 


Prop, II. Having ſeveral Courſes and Diſtances, to find the Diffe- 
5 rence of Latitude, and the Departure. 

Make a Table in the following Manner, and put therein each 
Courſe and Diſtance; then find the Difference of Latitude, and 
Departure to each Courſe by the preceding, and place them in the 
proper Column; the Difference of the Sums of the Northings and 


Southings, is the whole Difference of Latitude; and the Difference 


of the Sums of the Eaſtings and Weſtings, is the whole Departure. 

Example. A Ship from the Latitude of 30 Degrees North, ſails 
according to the Courſes and Diſtances ſet in the Traverſe Table, 
the Difference of Lat. and the Depart. are found at the Bottom. 


— 


3 


Diff. Lat 359.104 | Depart. 139-62 3 


ar am m— razr 


oz PO T DESC | Departure . 
Courſes j|—— — — ] | 
| Miles | North | South | Eaſt | Weſt 
 S.SE. JE. | 79-Þ © , 
S. by W. Z W. 108 |  _ [101.687 36.384 
S8. 48 W. 112 1 74942 J 83-231 
N. 85” M. | 70 6. 1-4 | eas! 
S. 40 W. | 84 | 64.348 |} 53-994 
SY | 4 6. 101 365.205 103.720 243-343 
FTW 103.720 


1 - —_ 
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This 


. Of. the Traverſe Table. 
This Propoſfition may be applied in the Surveying of large Tracts 
of Land, as a County, c. 2 was made ob of b Mr. Norwood 
in his meaſuring the Diſtance from Lor to London, as the Road 
led him, and his obſerving the ſeveral Bearings by his Circumfe- 
rentor, and finding by ſuch a Table of his ſeveral Differences of 
Latitude and Departure, whereby he obtained the Diſtance between 
the Parallels of London and York pretty near the Truth, fo long 
ago as the Year 1635, as may be ſeen in the Seaman's Practice, 
lately reprinted for F. Mount and T. Page, on Tower- Hill : But if 
thoſe Bearings had been taken by the Limb of a modern Thedo- 
lite, and Lengths all meafured, according to the Method I have 
ſhewn in my Practical Surveying Improved, it is to be believed, 
that the Diſtanees between the Parallels of London and York would 
have been had much truer; for it is allowed, that the Needle is not 
in all Places parallel, and even in ſmall Surveys at Land various, 
and not to be truſted to; whereas if the Cæleſtial Obſervation could 
be depended upon equal to that lately taken at the Polar Circle, I 
am apt 10 believe, that by meaſuring with a ſtrong Chain, and the 
Care there preſcribed, fo large an Arc of the Meridian as the Diſ- 
tance of the Parallels of London and York, the Length of the Arc 
of a Degree in theſe Parts might be obtained, as near the Truth, 
as it was had at the Polar Circle. Ts 
Allso in plotting the Survey of a County thus taken, the circuit 
Station Lines (though conſiſting af many Hundreds) may be re- 
duced to à fewifor che firſt cloſing, and the like for the Interme- 
diates of each Line firſt plotted, whereby every Station may be 
more truly placed than by any other Method that I know of: The 
Diſtances in the Table may be Chains of 66, or 100 Feet, as well 
as Miles, or any other Meaſure, that the Differences of Latitude, 
and Departures would be had in. ef a 


Prop. III. Having the Difference of Latitude and the Departure, 
to find the Courſe and Diftauce 4 


Seek the given Difference of Latitude and Departure taken to- 
gether in their Columns, or the neareſt Numbers to them, and 
the Courſe is even therewith at the Side, and the Diſtance at the 
Top and Bottom: But if the given Difference of Latitude and 
Departure cannot be found nearly, take 4, 3, Sc. Parr, (or any 
Equimultiple) of them that can be found, then the Courſe is. 
even with them at the Side, add ſuch a Part of the Diſtance as was 
taken of the Difference of Latitude and Departure, at the Top and 
Bottom. 


| Example 


Of the Traverſe Table. 49 


Example 1. Given the Difference of Latitude 59 Miles S. and 
the Departure 68 Miles W. the Courſe and Diſtance are required. 

In the double Column over ꝙ even with 49 Degrees at the right 
Hand Side, is found together the given Difference of Latitude and 
Departure; therefore the Courſe is 49 Deg. S. W. and the. Diſtance 
go Miles. 2 | 


Example 2: Given the Difference of Latitudes 30 Miles N. and 
the Departure 18 Miles E. the Courſe and Diſtance are required. 
Here the given Difference of Latitudes and Departure, or any 
Numbers near them, are not to be found together in the Table, 
therefore taking the double of each, the Courſe is found to be 
31 deg. N. E. and the Diſtance 35 Miles. 


| Note, A Table computed to every Mile in the Diſtance up to 
100 Miles, would more readily ſolve this Example, f 
Prop. IV. Having the Departure and Middle Latitude, to find the 
Difference of Longitude, (according to the Method uſed by W. Jones, 
Ed; F. R. S.) | 1 


Seek the given Departure, or the next leſs Number, in the Co- 

lumns ſign'd Lat. even with the given Middle Latitude found a- 
mong the Courſes, and at the Top and Bottom (ſign'd with Diſt.) 
is the Difference of Longitude ſought, which if not found directly 
at once, may be taken out at twice or thrice. . 


Example 1. Being Yeſterday Noon in the Latitude of 37 17/ N. 
. and this Day Noon in 3843“ N. and by the Table the Departure 
is found 70.921 E. the Difference of Longitude is required. | 
ln the Column fign'd Lat. under 9, even with 38 the Middle 
Latitude, is found 7.0921; therefore 90 Miles is the Difference of 
Longitude fought. | | | | 


Example 2. Being Yeſterday Noon in Latitude 465 25! N. and 
this Day at Noon in 47 35 N. ſo that the Middle Latitude is 477 
N. and the Departure is found 112.33 Miles W. required the Dif- 
ference of Longitude? | i 

In the Column ſign'd Lat. over 10 at the Bottom, even with 45 at; 
the Right Hand Side, is 6.8200; therefore ſubducting 68. 209 from 
112.53, the Remainder is 44.33, then over 6 is 4.0920, and 40. 92 
ſubducted from 44.33 leaves 3 41, which is found over 5; where- 
fore the Difference of Longitude is 165 Miles Weſt, ; 

If the Middle Latitude is not an even Degree, but has odd Mi- 

| os nutes, 
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nutes, find the Difference of Longitude for the even Degrees next 
leſs and greater, and add a proportional Part of the Difference be- 
tween the two Reſults to the leſſer, the Sum will be the Difference 
of Longitude ſought. 8 . + 3X 
Suppoſe the Middle Latitude in the laſt Example had been 47 
| 20! N. then after finding the Difference of Longitude as before for 
4 47 Degrees; find it alſo for 48 Degrees, which is 168 Miles, then 
1 3 of the Difference being added to the former, gives the Difference 
[ of Longitude 166 Miles Well. Es 
| Note, Though this Method is not in all Caſes near the Truth, 
| yet (if the Miles are geographical) is ſufficiently near for daily Prac- 
I tice in any Voyage, as well as eaſy, and very expeditious, 


Prop. V. Having the Latitudes and Longitudes of two Places, to find 
the Bearing and Diſtance. | 


Seek the Complement of the Middle Latitude among the De- 
grees, and the Difference of Longitude in Minutes among the Diſ- 
tances, the Departure anſwering is found in its proper Column; 
then with the Difference of Latitudes, and Departure, find their 
Bearing (or Courſe) and Diſtance by the 34. ; 


Example. Let the Lizard be given in the Latitude of 49® ;o! N. 

and go 210 W. Longitude, and Cape Ortegal in the Latitude of 

44 10! N. and 743“ W. Longitude, to find the Bearing and Diſ- 
tance. 

The Difference of Longitude is 142 Minutes, and in the Columns 
Gened Dep. under 10, 4, and 2, even with 43 Peg. the Co- middle 
Latitude, are found 6.8200, 2.7280, and 1.3640, then increaſing 
the two former as before ſhewn, their Sum is 96.844 Miles W. for 
the Departure, and the Bearing, or Courſe anſwering to 340 Miles 
Difference of Latitude, with 96.844 Departure is found about 16 
Deg. S. W. and the Diſtance about 354 Miles. 


CHAP. X. 
07 MERCATORS Sailing. 


ted that moſt neceſſary one of the Meridional Parts, deſign'd 
for the Service of Navigators, if its Uſes were not fully ſupplied 
by the Table of Logarithmic Tangents: As is demonſtrated in 
2 | | Neo 


|: this Collection of Tables, we ſhould by no Means have omit- 
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Ne 219 of the Philoſophical Tranſactions. It is there proved, 1½, 
That the Meridional Line, or Scale of Mercator's Chart, is a Scale 
of the Logarithm Tangents of the Half Complements of the Lati- 
-tudes. 245), That ſuch Logarithm Tangents of Mr. Briggs's Form, 
are a Scale of the Differences of Longitude, upon the Rhumb which 
makes an Angle of 31389 with the Meridian. And 3dly, That 
the Differences of Longitude, on differing Rhumbs, are to one a- 
nother, as the Tangent of the Angles of thoſe Rhumbs with the 
Meridian. pt, xt | 

Hence it follows, that the Difference of the Logarithm Tangents 
of the Half Complements of the Latitudes, is to the Difference of 
Longitude a Ship makes in ſailing on any Rhumb from the one La- 
titude to the other, as the Tangent of 51® 3809, (whoſe Logarithm 
is 10,1015104) to the Tangent of the Angle of the Khumb or 
Courſe with the Meridian; ſo that, 

I. If two Latitudes, and the Difference of Longitude be given, 
the Courſe and Diſtance are readily determined by this Rule. | 

Take (by Help of the Tables) the Difference of the Logaricthm 
Tangents of the Half Complements of the Latitudes, efteeming the 
laſt three Figures to be a decimal Fraction; and add the Comple- 
ment of its Logarithm to the Logarithm of the Difference of Lon- 
gitude reduced to Minutes, and the conſtant Log. rq.1015104, 
the Sum (abating Radius) ſhall be the Log. Tangent of the Courſe. 
And to the Log. Secant of the Courſe, and the Logarithm of the 
Difference of Latitude reduced to Minutes, the Sum (abating Radius) 
| ſhall be the Logarithm of the Diſtance in Minutes. 

Example. Given the Lizard to be in Latitude 4955 North. 
Barbadoes in 135 10! North, and their Difference of Longitude 335 
oo, or 3180 Minutes Weſt, to find the Courſe and Diſtance. . 
Barbadoes 3825. L. tan. 9. 8993082 L. 3180 Min. 3.50242 

1 Co: lat. 1 — 21 + » L.tan. — ee Con. 1 3 

1 T Diff. 3372. 605 its co-log. , . 6.4720346 

Log. Tang. of the Courſe 49® 59/ 10// South-weſt . 10.0759721 
Log. ſec. of the Courſe 49 59 10 „„ JOS 
Log. of 2205 Min. Diff. of the Latitudes 3.344086 


Log. of 3429.378 Diſtance of Barbadoes from the Lizard . . . 35352153 


II. If two Latitudes and the Courſe be given, the Difference of 
Longitude is obtain'd with the ſame eaſe: For as the Tangent of 51* 
3879“ is to the Tangent of the Courſe, ſo is the Difference of the 
Logarithm Tangents of the Half Complements of the Latitudes, to 
the Difference of Longitude ſought. Wherefore to the Complement 
of the conſtant Log. 10.1015104, add the Log. of the Difference 

of the Logarithm Tangents of the half Complements of the Latituces 
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and the Log Tangent of the Courſe, the Sum (abating Radius) will 


be the Log. of the Difference of Longitude 1 in Minutes, 
Example. Given the Latitudes 49® 55/ and 13% 10% and Courſe 
49* 59/ 100 „ to find the — of Longitude, 


Lat. 13 107 4 mn - 15 is 38” 51 L. tan. 9. 8993082 


Lat. 49 5 5 333 „L. tan. . 9-5020477 Co-conſt, log. 9. 8984896 
Diff. 3372.605 . . its log. 3. 5279654 
Long tang. of the Courſe A ĩͤ | SOR» ba 10.0759721 


Log. of 3180 Min, = 53 deg. for Diff. of Longitude , . , , . . . . 3-5024271 


By this Rule, having two — Obſervations of the Latitude and 


the Courſe duly ſteer'd, the Reckoning of a Ship's Way is beſt aſ- 


certained, eſpecially if you ſail near the Meridian. 

III. If the Latitude departed from, the Courſe ſteer'd, and Diſ- 
tence failed be given, to find the Ship's Latitude, and Difference of 
Longitude. 

Firſt, the Latitude 1s obtain'd from the Conſideration that the 
Diſtance i is to the Difference of Latitude, as Radius to the Co-ſine 


of the Courſe, which is common to Plane Sailing. Therefore to the 


Log. of the Diſtance add the Log. Co-ſine of the Courſe, the Sum 
(abating Radius) is the Log. of the Difference of Latitudes, which 
Difference added. to the ſeſſer Latitude, or ſubtracted from the 
greater, the Sum or Remainder is the preſent Latitude; then hav- 
ing the two Latitudes, and the Courſe, the Difference of Longitude 
is found by the ſecond. 


Example. Having ſail'd from the Lizard in 1 49% 55! 


North on a Courſe 49? 59! 107! South-weſterly 3426. 379 Miles; 


it is required in what Longitude and Latitude the Ship is found. 


Log. of 3429.378 the Diſtance faild . ... . .- 3.332153 
Log. Co-ſine of 4959“ 107 the Courſe . . . . .. 9.8081933 
Log. of 2205 Min. or 36* 45! Diff. of the Latitudes 3, 33434056 
Now ſubtracting 36* 45” from 49" 5 ;/, the Remainder 130 10 N. 
is the Latitude the Ship is found in. | © 


By which Latitude now known, the Difference of Logarithm 


. Tangents will be found 3372.60 and the further Proceſs in nothing 


differing from the ſecond Rule, whereby the Difference of Longi- 


rude will be found. +] ' 00. 


Thus the Dead-reckoning by the Log. line, and daily Account of 

a Ship's Way 1s duly kept, "and the Trouble very little more than 
by Plane Sailing. 

T hee are all the Caſes that occur in Praftice' ; the reſt, that are 
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moſtly ſpeculative, are either eaſily reducible to theſe, or- elſe not 


to be perform'd by Logarithms, and therefore come not at preſent 


under our Cognizance. . 


But it is to be noted, that both the Complements of the Latitudes 
are to be eſtimated from the ſame” Pole of the World; which may 


be from either; and therefore if one Latitude be North, and the 


other South, to have their Complements, you muſt add go Degrees 
to one of them, and ſubtract the other from go, and then the Ope- 
ration will be the ſame as in the preceding Caſes. 


Example. Given St. Jago one of the Cape de Verde Iſlands, to 


be in the Latitude of 14ꝙ 96, North; and the Iſland St. Helena, 


in Latitude 135 45' South, and their Difference of Longitude 305 
12“ Eaſt, to find the Courſe and Diſtance. 


St. Jago 520 28 L. tan. 10. 1144066 L. 1812 min. 3. 2581582 


2 Co lat. 1 
St. Helena 37 71. . L. tan 9. 8790845 Conſt. Log. 10. 1015 104 


2354-120 its co-log. 6.628714 


Log-tang, of the Courſe 44 117 53// South-eaſtt. 99878400 


Log. ſec. of the Courſe 44 11 33 2 10.1445 20 
Log. of 1841 min. diff, of the Latituddes . 32650538 


Log. of 2567.87 5 difference of St. Helena from St. Jago. 34095738 


Or if it be thought eaſier, when one Latitude is North, and 
the other South, you may add go Degrees to each of them, the Sum 
of the Logarithm Tangents of their Halves (abating twice the Ra- 
dius) will be the ſame as the Difference of the Logarithm Tangents 
of the former. For an Example take the ſame Latitudes as in the 
preceding. ; | | 


; „ 56/2=104® 80-T . | 62% 287. , Jo tam. 20.29 * 
TIL +] 15 4 =105 45 nn: $2 522 L. tan. 16.135 


The Sum (abating twice the Radius) equal to the former Difference 2354.120 


Alſo when both Latitudes are of the ſame Name, (that is both 
North, or both South) you may add: go Degrees to each of them, 
the Difference of the Logarithm Tangents of Half theſe Sums will 
be the ſame as of the Logarithm Tangents of Half the Comple- 

ments of thoſe Latitudes, hs þ 
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Invention and Uſe. 


The XII h Chapter of that excellent Treatiſe of Algebra; written 
by the late Reverend and Learned Dr. John Wallis, Savilian Pro- 


feſſor of Geometry in the Univerſity of Oxford, and Fellow of the 
4 Society in London. | 


Ogarithms were firſt of all invented and contrived (without 
the Example of any before him, that I know of) by Jobn 

Neper, Baron of Merchiſton in Scotland; and by = firſt 
publiſhed at Edinburgh, in the Year 1614; and ſoon after 


by himſelf with the Aſſiſtance of Henry Briggs, Profeſſor of Geome- 


try, (firſt at London in Greſham-College, and afterwards at Oxford ) 
reduced to a better Form, and perfected. 


The Invention was greedily embraced (and deſervedly) by the 
learned in the Mathematics. 

Mr. Briggs, upon the firſt Publication of it, was ſo pleaſed with 
it, that he preſently repaired into Scotland, to conſult the Author, 
adviſe with him, and be Aſſiſtant to him, in the perfecting of it, 


and in calculating Tables for it ; which was a Work of great La- 
bour and Subtilty. 


And it was quickly taken and promoted Abroad by Benjamin 


Urſinus, Jobn Kepler, Adrian Ulacq, Petrus Crugerus, and others. 
And at Home by Henry Gellibrand, who compleated and pub- 
liſhed the Trigonometria Britannica, which Mr. * had begun, 
and far carried on, but dying left imperfect. 
So that, in a ſhort Time, it became generally W and great- 
ly efteem'd in all Parts, as of unſpeakable Advantage; eſpecially for 
Eaſe and Expedition in Trigonometrical Calculations. 
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* he Foundation of i it is this: 
If to a Rank of continual Proportionals i in a * Pro- 
greſſion from 1; 
„ * 4. 6 » &% 
We accommodate a Rank of Exponents in an arichmeticah 
Progreſſion, from o; 
: mL: 2. % 4 5 *. 


It is manifeſt, that for every Multiplication or Diviſion of thoſe 
Terms one by another, there may be an anſwerable Addition or 
Subduction of the Exponents. 

For, as in the Terms, 4 multiplied by 8 makes 32 ; fo in the 
Exponents, if to 2 we add 3, it makes 5; and as 32 divided by 
8, gives 4; fo if from 5:6 ſubduct 3, there remains 2: And fo 
Every where. 

Terms . 2 ß 36 
| Exponents o. I. 2. 3. 4. 5. ©. 
PS 3 Sow. on. 1 =4; 2228 
| 2+3= 5. 5— 32. 

And the ſame holds, if between any two of thoſe Terms, we in- 
terpoſe one or more Means proportional; and between their Ex- 
ponents, as many arithmetical Means. 

As if between 4 and 8 (or between 2 and 16) we interpoſe a Mean“ 
proportional / 32, that is 4 72; and between 2 and 3 (or 1 and 
4) an arithmetical Mean, 24; then as 4 v 2 multiplied by 8 


K. 


* 1 
* 7 *. . 2; + AAZ 


. 9 $ 
1 4 F = 


by 2 A 


makes 32 / 2, a Mean proportional between 32 and 64; fo 24. % 4 1 


ding their Exponents 24 and 3, makes 52, an arithmetical Mean 7 57 
between 5 and 6: And ſo every where. e 


And univerſally, whatſoever be the Values of r and es ſuppal ing 
The Terms, 1. r. r.. 8 
Exbonents. Oo. e. 20, 3e. 46. Se. Ge. Se. 
Then as rr rz. s, and rr V rrr. Nr 
ſo n2e+3e-=5e, and 24e + ge = Se: | 
And ſo every where, whether the Number e be poſitive or nega- 
tive, that is, whether the Logarithm proceeds by increaſe or de- 
creaſe: And conſequently whatſoever Mean proportional we 
interpoſe between thoſe Terms; if we alſo interpoſe between 
their Exponents, a like arithmetical Mean, as that is a proporti- 
onal Mean; as if that be the firſt or ſecond of two Meam propor- 
tional, this accordingly the firſt or ſecond of two Means arith- 
merical ; if that the ſecond of five Means proportional, this the 
ſecond of as many arithmetical Means, &c. Then every Addition 
or Subduction of theſe one with another, will anſwer to a like Mul- 
tiplication or Diviſion of thoſe. 
And 


0 
> 
l 
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And if for o, e, 2e, ze, &c. (taking e=1} we put . 


3, Kc. then doth this Exponent always give us the Number of 
Rations or Dimenſions in the Term to which it belongs ; : 


1. r. rr. 1, A. 15, ro. 6c. 
T 4. 5 06-. eo 


As 3 in 13, 6 in 7, and fo every where; or ſhews, How many 
Fold (quam multiplicata) the Proportion (for Inſtance) of 7% to 1, 
is Of 7 to 1; that is, how many Rations or Proportions of 1 to 1, 
are compounded in 7* to I, to wit, 6. To which the Name Lo- 
gerithms fitly anſwers ; that is, Nur fab 65 the Number of Pro- 
portions fo compounded. ; oFTudrioes fc * „%% 

Now this Foundation being laid, their Deſign in the Logarithms 
is this: Having ſelected (as moſt convenient) a Rank of continual 
Proportionals, is a decuple Progreſſion; to wit, 


1. 10. 100, 1000. 10000. 100000. 1000000. Ec. 
They fit hereunto, as their Exponents in arithmetical Progreſſion, 


. 3. 8 5 


(Conſequently, the Logarithm of any Fraction leſs than 1, is 


to be a negative Number. And then for each of the Numbers in- 
terpoſed between 1 and 10, as 2, 3, 4, Sc. between 10 and 100, 
as 11, 12, 13, Sc. and fo of the reſt; they ſeek out (between o 
and 1, between 1 and 2, Cc.) an Exponent (to be expreſſed in 
decimal Parts) which is ſuch a Mean arithmetical, as the other Is 
a Mean proportional. 


And theſe Exponents they call Logarithms, which are artificial 


Numbers, fo anſwering to the natural Numbers, as that the Ad- 
dition and Subduction of theſe, anſwer to the Multiplication and 
Diviſion of the natural Numbers. 

By this Means, (the Tables being once made) the Work of Mul- 
tiplication and Diviſion is performed by Addition and Subduttion ; 
and conſequently that of fquaring and cubing, by Duplation and 
Triplation; and thar of extracting the Square and Cube Root, by 
Biſcction and Triſection; and the like in higher Powers. 

Of theſe Logarithms we have printed Tables, for all Numbers 


as far as on? hundred 7 houſand: So that, if any two Numbers 


(not exceeding 100,000) be propoſed to be multiplied or di- 
vided one by the other, the Logarithms of thoſe Numbers (to 
be found in thoſe printed Tables) being accordingly added or 
fubdutted, will give the Logarithm of chat natural Number (to 
be 
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their Inverticn and Uſe, 57 
be found alfo in thoſe Tables) which is the Product or Quotient of 
ſuch Multiplication or Diviſion ; and the Double or Treble of 


ſuch Logarithm is the Logarithm of its Square or Cube ; and 
the Half, or third Part of it, is the Logarithm of its Square or 


Cube Root ; ; and the like of higher Powers, which in large 


Numbers is Matter of great Expedition. 

And (becauſe a main End of their Befign was to facilitate 
aſtronomical and other trigonometrical Calculations) beſides the 
Logarithms for Numbers in their natural Order, we have allo 
Tables of artificial or logarithmical Sines, Tangents, and Secants 


the Addition and Subduction of which auſwer to che Moltiplication 


and Diviſion of the natural Sines, Tangents, and Secants; which is 


aà very compendious Advantage for expediting ſuch Calculations ; 


aad is not leſs accurate than the Operation by Tables of natural 
Sine 15 angeuts, and Secants, 


the Angles given, A 60 Degrees, B 59 
Degrees, and (conſequently, C yo De, 
grees) and the Side AB 31323 Paces 
tor finding the Sides AC, or BC, we 
B have this Proportion, 


| A5 the Sine of C, 70 Degrees, — = 9396926 Kue 
to the Sine of B, 50 Degrees, — = 7660444 reit, 


Thus in a plane Triangle; ; ſuppoſing , 


” 
Sy Fs = 


IF. 
{Sy 2 1 4 


ſo is the Side AB. =. 31 „ . 72 
— 


to the Side Ac. = 25535 Paces. 8 


For finding which, we are to multiply 7660444 by 31328, 
And then to divide the Product by 9 3969263 which gives tox the 


Side AC almoſt 25535 Paces. 


And, as the Sine of C, 70 3 = 9396926 


to the Sine of A, 60 Degrees = = 86602 54. 
ſo is the Side AB, - — n „ 3211 Paces, 
10 the Side BC, 2 — — = 288072 Faces. 


For finding which we are to multiply 8660254 by 21323, and 
to divide the Product by 9396926, which gives for the Sicke BC, 


28867 Paces proxime. 


Now (to prevent theſe tedious Multiplications and D:vifons) by 
Logarichms, we proceed thus: 

Log. Sine C, 70 Degrees —- 9.9729858 or, Ar. Co. 0.027 

Low. Sine B, 50 Degrees + 9.8842540 9.894 

Log. AB, Num. 31323 + 4:4958033 4495 
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Where ſubducting the firſt Logarithm from the Sum of the ſo- 
cond and third, (or adding the arithmetical Complement of the 
firſt Logarithm to the ſecond and third, ſubducting the Radius) 
gives the fourth; which (the Table tells us) anſwers to the Num- 
ber 25535, fere: So many Paces therefore is the Side AC. Again, 


Log. Sine C, 70 Degrees, — 9.97298 58 or, Ar. Co. 0.0270 142 


Log. Sine A, 60 Degrees, + 9.937330 9.937306 
Log. AB, Num. 31323 + 4.498633  4:4958633 
Log. BC, Num. 288675 = 4.460408 134.4604081 


Where either ſubducting, or adding, as in the former, gives the 
fourth; which anſwers to the Number 28867 proxim? So many 
Paces therefore is the Side BC: Which Operations are much more 
expeditious than multiplying and dividing ſuch large Numbers. 
And in like Manner, in ſpherical Triangles, ſave that there all 
the Logarithms are to be taken out of the Tables of Sines, Tan- 
gents, and Secants; which, in this Example, are taken partly from 
thence, and partly from the Table of Numbers; but the Expedi- 
tion is alike in both. | 
This was firſt publiſhed by the Lord Neper (the firſt Inventor ef 
them) in the Year 1614, under the Title of Miriſicus Logarithmorum 
Canon, with its Deſcription and Uſe ; but reſerving the Manner 
of irs Conſtruction, and its Demonſtration, to be after publiſhed ; this 
being but an Eſſay, ſet forth, to fee the Judgement of learned Men 
concerning this Deſign, and how it was like to be received. 
In this we have a Canon or Table of natural and logarithmical 
Sines, for each Degree and Minute of the Quadrant. | 
And whereas it was at his Choice to give to what Number he 
pleaſed the Logarithm o, and whether to proceed by Way ef In- 
creaſe or Pecreaſe, he choſe to make o the Logarithm of the 
whole Sine 19000000, that ſo the Multiplication or Diviſion by 
the whole Sine (frequent in trigonometrical Calculation) might 
be diſpatched without Trouble, requiring here but the Addition or 
Subduction of o. „%% T1 
And becauſe the Uſe of the Sines and Numbers, leſs than the 
Radius or whole Sine, was likely to be of more frequent Uſe, 
than of Tangents, Secants, and other Numbers greater than 
the Radius, he choſe to give to thoſe leſſer Numbeis affirmative 
Logarichms (increaſing the Logarichms from o, as the Sines 
decreaſe) which he calls Abundantes; and conſequently the nega- 
tive Logarithms (which he calls Defectives) to greater Numbers; 
deſigning thoſe by +, thele by —, | 
And by theſe Means he directs how this Table of Sines, with 
the Differences there inſerted, may ſerve alſo for a Table of 
e 


their Invention and Uſes .. = 
Taitgents and of Secants: So that this Canon is a compleat Canon 
of natural Sines, and of logarithmical Sines, Tangents, and Secants: 
He ſhews alſo how this Table. may be applied to the Logarithms 
of abſolute Numbers, but becauſe with ſome Trouble, he reſerves 
the fuller Account hereof to a farther Treatiſe, 

In the Year 1619, the Lord Neper being then dead, the ſame 
was again publiſhed by his Son Robert Neper; with ſome poſt- 
humous Treatiſes of his Father, concerning the Conſtruction of 
this logarithmical Canon, and his Deſign (after Communication 
had with Mr. Briggs) of changing the Form of Logarithms, 
making o to be the Logarithm of 1, (of which he had before 
given Notice in the Preface to his Rabdologia, publiſhed in the 
Year 16173} and concerning ſome Things pertaining to Trigo- 
nometry; with ſome Lucubrations of Mr. Briggs's on the ſame 
Subject. 1 1 

But the Lord Neper being dead, the whole Work was devolved 
on Mr. Briggs, who (according to their joint Advice) making 
the Logarithm of 1 to be o, and of 10, 100, 1000, Sc. to be 
I, 2, 3, Cc. which he calls Indices, or Chara@erifiics, and which 
we may repute as integer Numbers, with fourteen Cyphers an- 
nexed, which we may repute as ſo many Places of decimal Frac- 
tions, below the Place of Units, or of the Characteriſtic: And 2s 
between theſe he fits the intermediate Logarithms for the in- 
termediate Numbers. | . Cs 
And conſequent to the Logarithm of 1 being o, the Logarithms 
of Fractions leſs than 1, or of Numbers intermediate between 1 
and o, muſt be negative Numbers, or Numbers leſs than % „ 
(which he calls defective Logarithms) denoted by — (the Note 
of Negation) prefixed. | 

| Now theſe defective Logarithms may be two Ways expreſſed; 
either ſo as that the Note of Negation ſhall affect the whole 
Logarithm, or fo as to affect only the Characteriſtic, leaving 
the reſt of the Logarithm to be underſtood as affirmative. ol 
As for Example, the Fraction 3, or (which is equivalent) ©; , 
d, 375: This Fraction ſuppoſeth the Numerator 3 to be divided . N 
by the Denominator 8. which in Loga- „ | LA 
rithms is to be performed by ſubtracting Log. 3. o. 47% 1213 ꝗꝗfꝗñ 7. 
the Logarithm of 8 from that of 3, and Log. 8. 0.9030900 bs” 48 
the Remainder will be the Logarithm of Log. 4.—0.4259687, * _ 
z, Which will then be the negative Run ; 
ber o. 4259687. Sh > 
Or thus, foraſmuch as the Logarithm of 375, (ſuppoling _ 
it to be an integer Number) is 2.57403 13; and the * 
this to the firſt, ſecond, third, or farther Place of decima 
Fractions, doth (without — the Figures) divide the * 


- 
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by 10, 180, 1000, Sc. which in Logarithms is done by ſub- 
frafting 1, 2, 3, Sc. from the Characteriſtic, or Place of In- 
zegers; 1 2, 9, S. in that Place; | 

being the Logarithms of 10, 100, Log. of 3750 18 3-5742313 

:000, Cc. ſuch Alteration of the Log: 375 2.5740313 
Value (the Figures remaining) is Log. 37.5 15740313 
Zone by only altering the Sharacte- Log. 3.75 0:5740313 
riftic of the Logarithm, without Log. 0.375 1.5740313 
varying the other Figures, in this Log. 0.0375 2.740313 
Manner; where the Mark -= 18 put over to diſtinguiſn it from the 
forttier; ES. 

Which two Forms, thougli they ſcem different, and ſome may 
rather chooſe the one, ſome the other; or in ſome. Cales the 
one, and in ſome Cales the other; yet they are in Subſtance or 
Value the ſame? 25 

For = 1.0000000 
+0.5740313. 
Is 2 0. 4259687 

And every one is left to his Liberty, whether of the two Ways 
for what other equivalent thereunto) he ſhall pleaſe to uſe. 

In this Method Mr. Briggs hath calculated a Table of Loga- 
fithms; (publiſhed in the Year 1624) for 20 Chiliads of abſo- 
ute Numbers; from t to 20,0003 and again for 10 more from 
0, 500 to 100,000; and one Chiliad ſupernumeraty, to wit, 
rom 100,000 to 1815000; that is 31 Chiliads in all; before 
hich is ptefixed; a large Account of the Nature and Conſtruction 
UF this logarichmical Canon, and the Uſes thereof; with Di- 
i-ftion how to ſupply the intermediate Chiliads; which are here 
Einting: The whole ihtitled; Ariibmeticu Loparichmica. 

The ſame was again publiſhed in 1628, by Aariun Yiacy (of 
{/ack,) with a Supplement (as Mr. Briggs had direfted) of the 
hiliads before omitted; that is; in all; of 100 Chiliads, with 
une ſupernumeraryz but in ſhorter Number extended but to 
3 places, beſides that of the Integers, or the CharaQteriſtic | 
nd he ſubjoins allo a logarithmical Canon of Sines, Tangents, 
61d Seranis for Degrees and Minutes of the Quadrant to as many 
laces. | 
Mr. Briggs proteeded to talculate 4 trigonometrical Canon 
p-+4rithmical,” ſuited to that of the Logarithms for abſolute. 
- umbers; extending (as in the other) to 14 Places, beſides the 
 4atacteriſtict And having before calculated a Table of nas 
+21 Siner, Tangenis, and Serants for Degrees and Centeſmes of 
i- arees in Numbers extending to 15 Places, he fitted theres 
% Canon of vogarithmical Sines and Tangent. n the 

| | "+ dekant! 


their Invention and Uſe. ät 
Fecants as leſs needful;) and a Treatiſe prefixed, concerning the 
Conſtruction thereof, with other Things pertinent thereunto; and 
intended a farther Treatiſe concerning the Uſe of it. _ 
But dying before this laſt was finiſhed, or the reſt publiſhed, 
Mr. Henry Gillibrand ſupplied this latter, and publiſhed the Whole, 
with the Title of Trigonometria Britannica, in the Year 1633: 
To which is ſubjoined another Canon of /ogarithmical Sines and 
Tangents, by Adrian Vlacg, for Degrees, Minutes and tenth Se- 
conds, extending (as his former did) to 10 Places, beſides the 
Characteriſtic; and Mr. Briggs's 20 Chiliads for Logarithms of 
abſolute Numbers. | 
So that the whole Dactrine of Logarithms was by this Time 
ſufficiently perfected, with convenient Canons or Tables fitted 
thereunto, in large Numbers; of which allo Petrus Crugerus 
gives an Account in the Preface to his Trigonometria Logarithmica, 
printed in the Year 1634; with his logarithmical Table, but in 
ſhorter Numbers. | 7 bg | 
And the Tables of Logarithms above-mentioned, (for 100 Chi- 
liads of abſolute Numbers, and for Sines and Tangents to De- 
grees and Centeſmes) wete the ſame Year, 1633, contracted into 
a leſſer Form, and more manageable (but in ſhorter Numbers, 
the former not extending to above 7 Places beſides the Charac- 
teriſtic, but the latter to 10) by Nathaniel Roe; with Directions 
for the Uſe of them in Trigonometry, Geometry, Aſtronomy, 
Geography, and Navigation, by Edmund Wingate: a 
In the mean Time Benjamin Urſinus did alio publiſh Tables of 
Logarithms, in the Year 1618; and again in the Year 1625, in 
his Trigonometria; and Fohannes Keplerus alſo in the Year 1624, 
in his Chilias Logarichmorum which he applies alſo to his Rudol- 
pbine Tables, publiſhed in 1627; and Claudius Balſcbius about the 
ſame Time, or ſoon after; and Georgius Ludovicus Frobenius, in 
the Year 1634, and perhaps ſome others: But all or moſt of 
them, in ſhort Numbers; and conformable to the Lord Neper's 
firſt Deſign z not to that Form which, upon ſecond Thoughts, 
he and Mr. Briggs agreed upon as moſt eligible, and which bath 


ſince been received in common Practice. Te 
Since which Time, much hath not been added to the Doctrine 


of Logarithms; nor was it neceſſary, that Work having obtained 
ſuſficient Perfection. 7 
But in Cale Logarithms, on any emergent Occaſion, be deſired 
with greater Exaftneſs, and in larger Numbers than thoſe printed 
Tables do afford; Mr. Nicholas Mercator, in a ſmall Treatiſe called 
T ogarithmetechnia, and Mr. James Gregory in his Exercitationes 
Geomelrica, both printed in the Year 1668, ſhew (with great Subtilty) 
how it may be effected, in Numbers of whatſoever Length required, 
with much more Eaſe than heretofore, Theſe 
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Thoſe that would ſee more of the Conſtruction and Uſe of 
Lozacthms, may conſult the fore-mentioned Authors, eſpecially 
Briggs's Arithmetica Logarithmica, and the Trigonometria Britan- 
nica of Briggs and Gellibrand; as alſo what Adrian Vlacq and 
Peter Crugerus have writ upon this Subject. 

But I ſhall add, that by Logarithms may very expeditiouſly be 
ſolved ali Cafes of compound Intereſt, (Examples of which follow 
the Tables) and that known Quettion about the continual doubling 
of an Unit, which is frequently propoſed of a Horſe to be ſold 
according to the Number of Nails in his Shoes: For ſetting the 
firſt Nail at a very ſmall Price, and the ſecond at double the Price 
et the firſt, and the third at double the Price of the ſecond; and 
ſo on, continually doubling for every Nail; we ſhall come at laſt 
to a vaſtly great Sum. 

The firſt Occaſion of which Queſtion may be what I have cited, 
Cap. 13. of my Opus Arithmeticum, from Alſephad (an Arabic 
Writer) in his Commentarics upon Tegraius's Verſes: Namely, w_ 
one Seſ an Indian having firit found out the Game of Cheſſe, and 
ihew'd it to his Frince Sebram, the King, who was highly 
pleas'd with it, vid aim aſk what he would for the Reward of 
his Invention; whereupon he aſk'd that for the firſt little Square 
of the Cheſſe- board, he might have one Grain of Wheat given 
bim; for the foro}: two; and ſo on doubling continually, ac- 


: cording to the Number of Squares in the Cheſſe-board, which 


23 64: And when the King g; Who intended to give a very no- 
ve Reward, was much dilpleas ed, that he had aſked fo rrifling 
an oe; Se declared, that he would be contented with this. 
mall one; ſo the Reward he had fixed upon, was ordered to be 
given him; but the King was greatly aſtoniſhed, when he found 
that this would riſe to ſo vaſt a Quantity, that the whole Earth 
itſelf could not furniſh out ſo much Wheat: But how great the 
Numer of theſe Grains is, may be found by dovbling one conti- 


aually 63 Times, whereby we ſhall get the Number, which comes 


in the laſt Place; and then one Time more yet, ſubtracting 1, to 


have the Sum of all; for the Double of the laſt Term, lefs by 


one, is the Sum of all : Now this will be moſt expeditiouſly done 


by Logarithms, and near enough te Truth for this Purpoſe: For 


if to the Logarithm of 1, which is o, we add the Logarithm of 2 
(which is o. 30 1029995664 —) multiplied by 64, the Product 

19.26591972496—is the Logarithm of the Double of the laſt Term, 
which may be found greater than 18446 74407, 00009 00009; 
and leſs than 18446 74408 090000 ©0000, 
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COMPENDIOUS AND FACILE 
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FOR 


Conſtructing Logarithms, 


Chiefly extracted from the Writings of the moſt eminent 


Mathematicians, who have treated upon the Properties of 
eagle artificial Numbers. 


— — 9 * * * 9 


H E Invention of . is juſtly eſteemed one of 
the greateſt and moſt uſetul Diſcoveries in the Art of 
Numbers that the laſt Century has produced. They wire firſt in- 


vented by John Neper, Baron of Marchiſton in Scotland, and by 


him firſt publiſhed in Edinburgb, in the Year 1614 ; and ſoon af- 
ter by himſelf and Mr. Briggs, (then Savilian Profeſſor of Geo- 


metry in the Univerſity of Cxford,) reduced into a better Form, 


and publiſhed in London, in the Year 1624, in the ſame Form and 
Manner as they are uſed at this Day. 

Logarithms may be conſidered as, and are ufually defined to be, 

- Series or Rank of Numbers in an arithmetical Progreſſion, {fr 

ted or adapted to the Exponents of Numbers in a geometrical Pro- 

teſſion. c ; 

If between 1 and x be inſerted a mean Proportional, which is 


* x, or x, ics Index 4 ſhews that its Diſtance from Unity will 


be but one Half of the Diſtance of x from Unity. - In like Man- 


ner, if between x and x* we inſert a mean Proportional, its Index 
will be rang + or 2, inaſmuch as its Diſtance from Unity is once 
and a half the Diſtance of æ from the ſame Place of U: nity. 

Again: If between 1 and x be inſerted two mean 1 Pcoporcionals, 


the firſt of theſe will be the Cube-Root of x, or AT „„ and its In- 
dex will be 4, inaſmuch as its Diſtance from the Unit's Place is but 


Jof the Diſtance of x from the lame Place of Unity; and conſe- 


—— 2 7 x is expreſſed by . whence it follows, that the In- 
dex of Unity is o, inaſmuch as Unity cannot be removed at any 
Diſtance from itſelf, 

And 
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And the ſame Series of geometrical Proportionals may be con- 
tinued on the contrary Side of Unity, or towards the Left Hand, 


and which therefore will decreaſe in the ſame Manner, or in the | 


ſame Ratio, as the Terms placed = the Right-Hand incieale. 
. I 
For the Terms &, &, x7, x", I, a *, di, if, a, &c, 


are in the ſame geometrical Proportion continued, and have all the 
ſame common Ratio: Wherefore, inaſmuch as the Diſtance of x 


from Unity towards the Right-Hand is poſitive, or +x, the Diſ- 
tance of - from Unity towards the Left-Hand, which is equal to 


the former, is negative, or —1, which is therefore the Index of 
1 1 — 1 8 
—, and conſequently for — way be written x , 
* 
Again: As x is on the Right- Side of Unity, and poſitive, and 


its Index -+ 2, the Index of x*, (which is as far diſtant from Unity 
on the contrary Side, or une " Left-Hand,) will be nega- 


— 2 


tive, and — 2, and conſequently a — is the ſame br eu In 
3 1 * 

like Manner, x 5; is the ſame a 27 and x *he ſame with 

£ — whence it comes to paſs that the negative Indices ſhew that 

* 7 


the Terms, to which they belong, are as far diſtant from Unity 
toward the Left-Hand, 2s the Terms whoſe Indices are the ſame; 
and poſitive, are er from Unity on the contrary Side, or to- 
wards the Right-Hand. 
Again: As between 1 and x, in the Series increaſing from or on 
the Richt- Hand of Unity, may be inſerted a mean Proportional, as 


K*, and between this mean Proportional and Unity be inſerted an- 


other mean Proportional, as Wy x, and between the laſt mean Pro- 
portional and Unity be inſerted another mean Proportional, as 


vs. &c. whoſe reſpective Indices will be - 2 3» F» &C, lo between | 


Unity and the next Term _ in the Series decreaſing from Unity, 
or on the e way of ky; may be inſerted a mean Propor- 


tional, as —— == whoſe correſpondent Index will be — + ; and, a- 
x 


gain, between 5 mean Proportional and Unity may another mean 


Proportional, as —= 2 be inſerted, whoſe correſpondent Index will 
x 
be 
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be — 2; and between this and Unity may another mean Proportional 
be inſerted; the Index will be — 2, &c. and as this may be done 
between any other two Terms of the Progreſſion, it follows that 


between any two Terms may an infinite Number of mean pro- 


portionals be inſerted, whoſe reſpective Indices will become the Lo- 

rithms of the reſpective Terms to which they belong; and theſe 
mean Proportionals, the greater they are in Number between the 
two Terms of any Ratio, the nearer do they approach to a Ratio of 
Equality, with their correſpondent Indices or Exponents, 

Hence we are let into the Reaſon of the ancient Way of making 
Logarithms, and which was made Uſe of by their firſt Inventors, 
and that was by a continual a yen in the Square Root. In Or- 
der to this, they firſt extracted the Square Root of 10, and having 
cCiontinued that Root to a very great Number of Places, they extract- 

ed the Square Root again, and ſo on continually until they at laſt, 
after 54 ſuch Extractions, obtained the Number oO 000009 
01278191403 200323442. Now if this Number be firſt ſquared, 
then cubed, then raiſed to the fourth, fifth, &c, Power, it is very 
certain that, as their Increaſe in the ſeveral Products ariſes but by 
flow Degrees, there will among them be found ſuch as are extremely 
near in Value to the natural Numbers 2, 3, 4, 5, &c. and gonſe- 
quently, by what has been already ſaid concerning the Nature of Lo- 

rithms, thoſe of the natural Numbers 2, 3, 4, 5, &c. will be 
expounded by the Exponents, or Number of Multiplicationg, 
which formed the Products reſpectively equal (or nearly ſo) to the 
natural Numbers 2, 3, 4, 5, &c. Here we ſee the Reaſon why 
the Logarithm of 1 is ©, or rather, that one has no Logarithm, 
becauſe the Quantity to be continyally involved muſt bei a ſmal] 
Matter greater than 1; for if it be leſs, the Powers will decreaſe it. 

If Logarithms are made only to ſeven Places of Figures, which 
are ſufficient for common Uſe, twenty-five ſucceſſive Extractions 
will do for that Purpoſe ; that is, we need oaly extract the 
33554432 (or 2 raiſed to the 25th Power) Root of 10; becaule 
in that Root there will be found ſeven Cyphers before the firſt ſig- 
nificant Figure after the Unit: In the Courſe of theſe Extractions, 
the Denominators of the Fractions, expounding thoſe Roots which 
are neareſt in Value to any of the natural Numbeis 2, 3, 4, 5, 
&c. will point out their reſpective Logarithms. 

Some have conſidered the Nature of Logarithms in a different 
Manner, by rejecting the old Definition, Numerarum proportiona- 
lium equidifferentes Comites, as inſufficient to define them fully, and 
introducing another, wherein they are ſajd to be Numer: Rationem 
exponentes; and conſequently, by this Definition, Ratio is conſi- 
dered as Quantitas ſui Generis, beginning from the Ratio of Equality, 
or1to] =9; being affirmative when the Ratio is increaſing, 28 


———é Og ——— A" 2 —— —_— yy 


% 


66 Compendious and facile Methods 

of Unity to a . Number; but negative when decreaſing: 
Logarithms therefore expound the Place or Order that every Num- 
ber obtains from the Unit's Place in a continued Series or Scale of 
Proportionals indefinite in Number. + wa 

Thus, if between Unity and the Number 10, there be ſuppoſed 
10000000, &c. mean Proportionals ; that is, if the Number 10 
be placed in the 10000000th Place from Unity, between 1 and 2, 
there will be found 3010300 of ſuch Proportionals; that is, the 
Number 2 will be placed in the 30103oÞth Place from Unity; be- 
tween 1 and 3 there will be found 4771213 of the ſame Propor- 
tionals, or the Number g will ſtand in the 4771213d Place in the 
indefinite Scale of Proportionals : Theſe Numbers 10000000, 
3010300, and 4771218, are thercfore the Logarithms of 10, 2, 


and 3; or, more properly, the Logarithms of the Ratios of thoſe 


Numbers one to the other. | | 
Again, if, between Unity and the Number 10, there be ſuppoſed 
an - indefinite Scale of mean Proportionals, whoſe Number is 
23025851; that is, if the Number 10 be placed in the 2302585 11ſt 
Place from Unity, in the indefinite Scale of Proportionals, between 
1 and 2, there will be found to be 6931471 ſuch mean Propor- 
tionals; and, between 1 and 3, there will be found 10986122 of 
the ſame Proportionals : So that if the firſt Term of the Series be 
called x, the ſecond will be x*, the third x, &c. And if the Num- 
ber 10 be ſuppoſed to be the 10000000th Term in the Series, the 
Number 2 will be the 30103ooth Term, and the Number 3 will be 
the 4771213d Term in the ſame Series; and, conſequently, 
410000000 — 10, 320309 __ and 17771113 3 &c. And again, if 
the Number 10 be ſuppoſed the 2 30258 ft Term, then the Num- 
ber 3 will be the 1098612 2d Term in the ſame Series; and conſe- 
quently, in this Caſe, x95 10, 499347" = 2, and ess — 3, &c. 
And as the indefinite Number of mean Proportionals between any 
Numbers may be aſſumed at Pleaſure, hence Logarithms may 
-c oi as many different Forms (that is, there may be as many dif- 
{erent Scales of Logarithms) as there can be aſſumed different 
Scales of mean Proportionals between any two Numbers. Every 
Number therefore is ſome certain Power of that Number which is 
placed next to Unity in the indefinite Scale of Proportionals be- 
tween Unity and the given Number, and the Index of that Power 
is the Logarithm of the Number. 93 | 
Logarithms therefore may be of as many Sorts as you can aſſume 
different Indices of the Power of that Number whoſe Log. is required. 
But ſince Fluxions and the higher Geometry have been fo well 
underſtood, Mathematicians have directed their Views towards fa- 
cilitating thoſe laborious and operole Calculations formerly made 
Uſe of for conſtructing Tables of Logarithms, by Welp of con- 


verging 
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verging Series and other Means, whereby the Logarithms of any 
propoſed Numbers may now be obtained with very little Trouble, and 
which we ſhall endeavour to illuſtrate by the following Examples. 
Let p be any Quantity propoſed, whoſe Logarithm is required. 
Before we proceed to an Inveſtigation thereof, it will be neceſſary to 
ſhew, that h Fluxion of any Quantity N is to the Fluxion of its Loga - 

rithm as N is to the Modulus of the logarithmic Syſtem. 

For the Quantities and their Logarithms being ſuppoſed in In- 
creaſe or Decreaſe together, when the Quantity increaſes or de- 
creaſes at the ſarhe Rate as its Logarithm, it is then equal to the 
Modulus. Suppoſe chis Quantity to be M, and ſince the Fluxion of 
N is to the Fluxion of M as N to M, it follows that the Fluxion of 
N is to the Fluxion of its Logarithm as N is to the Modulus. Hence 
if N = Az, 2 being any invariable Exponent, the Log. N= ax 
Log. A; conſequently, the Fluxion of N and A being ſuppoſed 


: Mu aM aN | 
Equal to . 1 = — _— „ 
A 5b. | | : 

Now let the ſuppoſed Quantity p be made equal to ; — „ then 


will 2_ = _*_ + x ; conſequently the Fluent of Mp. or 
Pp a X 22 —X 1 5 


Log. p = 2M into the Series „„ 5 + &c. 
a a3 25 ar 


Suppoſe Napier's, or the hyperbolic, Logarithm of 2 be required. 
In this Caſe the Modulus M = 1, and if we further ſuppoſe a = 


1, we ſhall have Log. p=2 X g &c. But 


— 


becauſe p is here equal to 2, we have 


* : 
4 tl 
— =» ny e 7 


8 


[| CEE; 


* = 7, then (per Series 5 : 3 . e 5 „ 
(p ries) Log. 2 is equa] 0 Hoe + 
I 1 1 l 


243 X 5 bs 2187X7 M 19683 9 * 177147X11 1594323 3 


= .693147; which being multiplied by 2 gives 1.386294 for 
Neper's or the hyperbolic Log. of 4 | 
be. 2 Let the Logarithm of 5; be required. Eg 
The Log. 4 + Log. 4 = Log. 5; therefore (M and @ remain- 


* 
- whence x 


— * — 


— 


ing as before) taking p = 4, we ſhall have 4 = 


*% * = 
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inn = 111111 
EE: 
= = 137172 ＋3 8 45724 
* a | | 
WET = :1693 +5 = 338 
, x5 5 4 ; | 
7 — — = — 2 42 
* == Fr 121 + 7 3 
11157176 
2 
The the of 4 — 22314332 
The Log. of 4 = 1 1. 38629400 
The Log. of 5 % 1. 1.6485 
The Log. of 2 = 69 314700 
The Log. of 10 = 4 


Having got the Logarithms to the following Numbers, which 
are eaſily obtained by the foregding Series, we may find the Lo- 
yzatithm to other larger Numbers whatever of the hyperbolic Kind. 

f 2 = 69314714, &c. 
3 = 1.09861228 

4 = 1.38629428 
1.60943780 
1.79175942 
1.94591013 
2.07944142 
: = 2. ia. 

10 = 2.30258494. 
buppble the Hyperboltc of 3625 — required; 
Log. 10 = 2. 30258494 


Js 


Log. of | 


OO A N 
IH Ie 


Log. too 90 60576989 = 
Log. 36 = 3.58351884 = Log, 4 + Log. 9. 


—— — 


| 8.18868872 
Log. 3225 ＋ Log: 3600 = 3625. Therefore 9 = — a 
x 


3525, and conſequently x = +45, and ** r; then (per ge- 
neral Series) 
289 
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 $89)1.000000, &c. 
$3521) . 0034602702612 — 1 . 003460207612 
41429 +3 = 13809 
00346022142 f 
2 


; .006920442842 
Log. 3600 = 8.18868872 
op h | Log. 3625 = 8.196609 162842 
Required the Logarithm of 71563215 _ 
Log. 10 = 2-30258494 


Log. 72 4. 27666598 = Log. 8 + Log. 9 


—˙ We << * 


Log. 72000000 = 18.09217562 3 
Log. 72000000 = Log. 73353557 = Log. 71563215, 


* 255 : 
— is equal to 1212827 3 and canſequently x = 


therefore : 


= 43678.5 Ss * 1 1 5 1 — 
14350321.5 TE 328. 68142243 IN 10803.14774524* then, (pet 
general Series,) 328.08142243)1,0000, &c. 
10803. 1477452400 g0 42457637 ＋ 1= .0030424576 
281626＋3 2 938 


0030426514 
- = 


; Log. 34222222 006085 1028 
F pO Log. 72000000 = 18.09217562 


r 


| Log. 751563215 = 18. 860056172 
After the ſame Manner may any Logarithm be found to what 
umber we pleaſe. | : | 
To find Briggs's Logarithm of any whole Number or Fraction. 
Here N, the Modulus, is equal to 2.30258 5092994045084017 

9914, &c. being Napier's Logatithm of 10, whole Reciprocal is 
143429448190325182706511289, &c. which put equal p: whence 
if Napier's Log. be multiplied by p, or divided by N, we ſhall - 
have Briggs's Logarithm. Therefore the aforeſaid Series will be- 
come 2PXxX+3xX3+345 C EG- EFT rn, &c. a Series for 
Briggs's Logarithms, from which may be found the Logarithm to 


any 
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any Number whatever ; as we ſhall make appear in the following 
Examples. 1 „„ | 
Let Briggs's Logarithm of 2 be required, 
Here x = A, ==; then, (per Series,) 

2b r =.-28952965460216} 

RED. 97 | 

29 = wm = 3216996162246 N 
| 22 * eee | 

* = 357444018027 

2p | . . 
2px7 = a = 39716002003 
| 29 i . | | 
S918 =o _= 4412889111 : | 5 
7 LA | S Lhe Values being fes- 
„ OL pectively divided by the 
1 1 490322072. Numbers 1, 3, 5, 7, &c. 
| 2Þx"* land the ſeveral Quotients 
208% = —= 54480112 added together, (ſee the ge- 
3 bw | Ig!ueral Series,) we ſhall have 
255 = — -bog3345 f Briggs's Logarithm of 2 
12 | | =-30102999566398 
_* | "IN : . 
1 20x 6 „ | "= „ 

* | 5672593 b 


Es. 11 :602059991 32796=L.4 
„„ . 90308998699 194. 8. 


9 
8 — bt 8303 ” 
Lk >. a | 
2087 = =. 922 
'9 . 
7 2p = 20% = 102 
T2 55 | 
* 1 
2px77 = 2 — 11 


vn | Let Briggs's Logarithm of 3 be required, 


+ The Log. of 2 + Log. 2 = Log, 3. Herex= +, „ = i*s ; 
: Now it is obvious, from the laſt Example, that the Table of . 
Logarithms may be continued by Diviſion only. 


5) 
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5). 8685889638060 & 1 
2892737 1779276130) Theſe Values being reſpeclively divided 


25) . 694711711045 by the Numbers 1, 3, 5, 7. Kc. and the 
23) 27794846841 ſeveral Quotients added together, will give 
25) 1111793873 the Log. of ; = 17609 12590563668 

25) 444717344 3010299966398 L. 2. 


25) ieee — . — 
155 711541 457712126471966 L. 3. 
25) 28466 —— — 
25) 1 7781512038364 = L. 6. 


9424250943932 L. 9. 


Let the Logarithm of 7 be required. 3 
The Log. 2 + Log. 6 = Log. 7; and in this Caſe x = 55, N 


— 1 7 * 


Then, (per general Series,) we have, 
13). 868 5889638065036 


2 69).0668 1453567742) Theſe Values being reſpectively divided 


169) - .39535228211 | by the Numbers 1, 3, 5, 7, 9, and 11, 
169) 229936261 Fand the ſeveral Quotients added together, 


169) 1384238 | we have 6694678963051 L. 2. 
169) 9299 77885 2 1038364 = Ll. 6. 
e 480 5 


.84509804001415 = Ls Fo 


I.00000000000000 = LO. 
-30102999566398 = L. 2. 


.6989700043 3602 = L. 5, 


Having thus calculated the Logarithms to the nine Digits, we 
may obtain Briggs's Logarithm of any aſſigned Number, and to 
what Number of Places we pleaſe, by common Diviſion only. 


Let the Logarithm of - 346 be required. 
5 2 1 6 
| SST . 7000/5 SO: TIN then x: 5 


— . ** 2 — — — : T | | . 
41.40 24277456 4 F719:1329144559 - RED; (PET ge: 
neral Series,) TORT EEE. | 


1 
i 


* 


— * * 


41. 
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41.462427745). 86858 89638066036 | 


1719-132914559)-0209488206800297] Theſe Values being di - 
1719-132914559) .121856899502 | vided by the Numbers 2, 
1719.132914559) 70882767 Fl 5, 7, and g, and the 
1719-132914559) 41231 | ſeveral Quotients added 


-24 ) together, we have the 
hog. BE = 095288399492 
Log. 7000 = 528839949 


And, by the laſt Example, Log. 7000 = 3.84509 804001415 


* a 


Required the Logarithm of 1234556789. 


| 455678 
Log - En OED 2 « X Log. 1209000000 = Log. 1234556789, | 


"> 1200Q00009 

he Value of x is here ec ho. mp: 

The Yate of 4 e. pid e S. . 
— — . Then (per Series 
4953 3 e be 

70. 450897188). 858 8889638065036 

| —— —äZ— — e 
4963-32891459 ) .01232899490457 } Theſe Values being di, 
4903 32891459 ) 248401790 { vided by the Numbers 1, 


4963-32891459 ) 5004 ( 3, 5, and 7, and their ſes 
1 10 veral Quotients added tos 
| gether, we have 
Lag. 5233555393 = 0123292601063 
Log. 1200000000 = 9.07918 124604762 


Log. 1234556789 = 9.091511 07205825 
Here the Logarithms of 2, and 6, added together, give the 
Logarithm of 12. which makes it converge very faſt. _ 
Let the Logarithm of 396417457736 be required. 
Log. $35433$33335 +Log. 360000000000= Log. 396417457736, 
WW; 117457730. —— 5 2 - 2 nog 
441.4235352. 


N — 


” 750417457736 20477073757» 
Then (per Series) 
20.77073757).8685889638065030 


431-4235392 1.0418179162333t Theſe Values being reſpec- 
431.4235392) -9693007551 | tively divide by the Numbers 
431-4235392) 222467498 p1, 3 5» 7 and 9, and the ſe- 
431.4235392 52077 | veral Quotients added together, 

8 | 120 we ſhall have the . 
| | og. 


— 
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# 6 . | 
Log ot BERRIES ebe , 


| Log. 360000000000 = 11. „ 
Log. 396417457730 = 11, 11.59815277203527 


Here the Logarithms of 4 and ꝙ added together give us the Lo- 
garithm of 36; ſo after the ſame Manner for any large Number 
whatever, when we have once got the Logarithm of the nine 
Digits. 

But it will converge faſter ſtill if we take the two neareſt Loga- 

rithms, whether greater or leſs, as in the following Example. 


Suppoſe the Logarithm of 2912082644528656 were required. 


3000000000000000 

2942082644528656 0 of 
87917355477344,__t__ 

5912082644 528956 %. 2459108 


Log. 3000000000000000—Log. 


291201 e Here * = 


I 
* — : Then (per general Series.) 


452201251932 
67. 2459108) 3 
4522.01251932) . 0129 1660642964350 Theſe Values divided as 


4522.01251932) Gn 1, 3, 5, and 7, and the ſe- 
e. 63166222 |veral Quotients added 


1.396 | together, 


we ſhall have .01291755868414169 =.E.02. 3 2912088645286 
15.47712125471966243 = Log. 3000000000000000 
15. 46420369603552074 = Log. 291 2032044520038 


Here the Logarithm of 10 and 2 added together gives the Lo- 
garithm of 3o, bur ſomething too much, though nearer than any 


under. 
After the ſame Manner may the Logarithm be found to any 


Decimal whatever. 
Note, If we have the Logarithm of 30, we have alio the Loga- 
rithm of 3900090000000090, by altering the Index, as in the fore- 


going Examples: 
The following uſeful Table of equi-diſtant Ordinates (whoſe 


Conſtruction ſhall be ſhewn farther on) for approximating the 
Areas of curve lined Planes, Cubation of Solids, &c. will likewiſe 


furniſh us with a very eaſy and expeditious Method of calculating 


Hyperbolic Logarithms. 
L. 


P A ͤ wa prrogiengs wig 


zobocohgp c | 


ru er. 
— E ˙ A re Pry 10% ens qe nom ee 


4 
, 1 * 
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ax 

1 
3 A TAB = 

1 
4A H B x — 
T1 ＋TI2C x 75 

| TE 4 

6 -75B- 1 

19A j7;5B--50C x 2808 
Pa 1 . 
7% AT 216 BJC TDR 52e 
le 17280 


In this Table A denotes the Sum of the extream Ordinates, B 
the Sum of thoſe next them, C the Sum of the two next following 
the laſt, and fo on; J is put for the Number of Ordinates, or the 
Abſciſſa, which is divided into as many equal Parts minus one as 
there are given Ordinates. | 


Naa th Let it be required to find the Hyperbolic Logarithm 
2. 

Firſt, It is well known the Hyperbolic Logarithm of any Num- 
ber denoted by IL x, is as the Area of a Curve, whoſe Abſciſſa is x, 


and Ordinate 55 therefore to find this Area, or the Log. of i, 


x 
let x be ſuppoſed equal to 1, and div:ded into fix equal Parrs, then 


we ſhall have the ſeven following equi-diſtant Ordinates — 


1 I ET 3 6. „ 58 
+” 1 1 147 1+2 1 14® e „„ 0 Ii 
1 and therefore according to the Rule, againſt the Ordinates 
in the Table of Areas, we have this Proceſs. A= . 5 

6. 16 108 „ 6 3 
B=—-- ————— - 8 — — — = — — 1 — 4 — 
=7 Tn 7 r TT 


2 


* and $I 61.5. 216 B= 302. 9610 38 27C= 
8 5 36. 
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36 43.—272 D181, 33333. therefore 41A 216 B27 C272D 


is here equal to J 75 _ multiplied by SR for in 
this Caſe Ex- 1) gives . 693 1479, which is the Hyperbolic Log. 
of 2 = i+x=1-|-1, and would have required more than Nine 
Hundred Thouſand Terms of the common Series x —Ex*+3x3—; 
xt, Sc. 5 | 

The following Rules for computing the tabular Logarithms will 
be found very uſeful, in order to which, let a, & be any two Num- 
bers, of which & is the greater, put a+þ=s, and b—a=4, alſo 
aſſume A=. 868 58 89638, Sc. then the tabular Logarithm of a, 6 
are as follows, viz. LY 8 


L: L:. ” — 27 — 575 * = C. Where A, B, C, 
r 34 . 5 &c, denote the 
* 2 1 „ | Se. 


Term going before reſpectively. But we may give an Approxi- 


mation ſufficient for mak ing the Logarithms to more Places than in 
moſt Tables now uſed. Thus, 


3dns 


nd 15 —44? E 


L. OT „Ir nearly 
Ans 16 10 0 

L. E Tg. 
l. 2 3 * 1555 5 


Theſe Approximations are but Corollaries to a general Method 
of converting a ſlow converging Series into another con verging 
very faſt, as may be ſeen farther on. We ſhall illuſtrate both by 
an Example, let it be required to find the Tabular Logarithm of 
It, the Log. of 10 is 1, hence s and d in the above Expreſſions 
are reſpectively 21 and 1; therefore by the Series we have this 
Operation. | 


L.: a = 1.00000000 
nd 


—=A =0.04136138 
ABB 3126 
35 
B = 5 
555 


L: 2 T ATB -+ C1. 04139269 = Tabular Logaruhm of 11. 
Le Or, 


t 
N 
| 
4 
? 
x 
_ 
(4 
| 
8 
4 
* 
_ 
4 
4 
*$ 
: 
"4 
4 
q 
+ 


— "oe — "> 
$a eh ag hom merge te, 1 tage 


— — — . —— — ——T————————— ccrams—.. 


7. w ˙—— ̃ ˙ Ä COLE 
* 


— 2 —— —ñ—— Pe tn 7 1 — — 


| 
| 
| 


* 2 TI 24 L: Tsa, 
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— 6611 1 
Or, by the Approximations = DE, = ="Zz—o @ and — 5 . 
8689889635 x 6611 
6600 x 21 
Logarithm of 10, then we have 1.04139269 for the Logarithm of 
x1, as found by the Series. 
Bur if @ and a are two even 8 then HL is an odd 
Number, put aa a 1, then the Logarithm of a is ex- 
preſſed by this Series, viz. | ; 


2. 041 39269 to which add 1, the 


therefore 


— 


8 — . 12 3 5 
L: a+H1=4L: es 


e &c. which 


555 * | 


converges ſo faſt, that is ſcarce worth while to uſe any Arts to render 
it more eaſy in Practice, however ſome may be delirous to have an 
Approximation, which is as follows, viz. 


— 


; neatly, or nearer 


L: ATI STL: H = RT, To exemplify the a- 
bove Series and theſe Approximations by an Example, let a=2, 


then y=17, a+1=3, and ax a+2 = 8, whoſe Logarithm, taken 
from the Tables,is 0.9030900, and therefore Log. 2 1 Or 3 is e- 


] — — 
qual to o. 4515450. e N ES & c. = 


0. 4771212347: oy again the Logarithm of + 
.$685889638 *. 7772 2. 47712463 by the firſt Approximation, 


or by the ſecond equal o. 45 15450. 8685889638 x i — 
9.47121 3. If greater Accuracy be required in . 


then retaining the ſame Letters as before, 


2 
30 08 


L:@pi=4L: Pure OW * — 


The Logarithm of bs eren, the . of 2 TY is aſ- 
figned by this Theorem, Log. 2 0 2= = multiplied * | 
he Series; 
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a . 


— 


I I 5 — 2 5 I I 
—— Xx — Xx -—- . ̃—ͤ EEE 
12 P 2 360 P. ＋ 9 * 1260 PTV 55 


Hence if we ſuppoſe p=1, and =I: becauſe Log. 1=0, it follows 
f a= 7” a IS 
that the Log. of 2=4 into 1 - Te 


. 6931479. And by ſuppoſing rk. we have 5 x Log. z=t+ 
* 19 2 s 
72 300 X 8 * 77726656 32 K 343 IL 
It farther appears that if y denote the exceſs. of the Logarithm 
of a+d above the Logarithm of a, or meaſure the Ratio of ad 
to a, then 4 the Difference of the Numbers may be found by di- 


4 6 
viding a y by the Series — 4 > + 70246 &c. 


We ſhall next proceed to ſhew the 1 8 w 
Conſtruction of the Table at p. 74. for O Pa” | 


approximating the Hyperbolic Loga- 
rithms of —.— hes. In order m1 
to which, let MQ, RA, SP,&c. repre - | | 
ſent equi-diſtant perpendicular Ordi- : 
nates to the Axis of a Curve MAPV - 
whoſe Equationisy=a+ bx + cx*+ dx3, f 
& c. where x ſtands for any Abſciſſa Q Q RN 8 1 
and y its Ordinate TO. Then becauſe y =a+ bx + cx*- 2 &c. we 


ſhall have yx or the Fluxion of the indefinite ws ns OT 
B dx 


a- dar Here E deg, &c. whoſe Fluent ax--- = La ee. 


or, which is the ſame thing, x x 1 = &c. is the Area 


of QMOr. 
If there are no more than two Ordinates, QM, RA, then will 


the former be defined ” a and the latter by aTFbx, whoſe Sum di- 
yided by 2, gives 5 which being multiplied by QR x, be- 
: 5 


comes be and is manifeſtiy the ſame with a+= x x, that is the 
2 


Space QA is equal to QM＋RA 7 ln =, by putting A for 


the Sum of the Ordinates, and / for _ Diſtance QR. Now let 
QM=y', NR=y'', PS=y/// repreſent three equi-diſtant Ordinates, 


then by the Equation of the Curve, and putting QR=RS=—> we 
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bavey'=a,y! rA and y)“ aH eli. The Area of the 


Space QMPS 1s expreſſed by x or GU 2c x _ 


wherein for a, I, and cl ſubſtitute their reſpective Values in Terms 
of y', „/, and y/77, found from the above Equations, whence it will 


appear that a, 3b/=12y'—gy/—3y'"', and 2ch == 8. 


457%, conſequently 6a+36H27 x 5 is expounded by y/+4y'/+y//! 
'X 2 and if 51A, the Sum of the extream Ordinates QM, SP, 


be denoted by A, the middle one RN by B, we ſhall have AF4B 


x = which, together with the former A x — are the firſt two 
"Theorems in the Table p. 74. | 

The ſame Method of Demonſtration might be extended to any 
Number of equi-diſtant Ordinates, but as there would be ſome 
Trouble in getting rid of the Quantities , c, d, e, &c. The fol- 
Jowing general Inveltigation may be thought preferable, 

Let a, 5, c, d, e, &c. ve a Series of increaſing Quantities, then 
the Value of any Term in that Series, whoſe Diſtance from the firſt 


| is denoted by a, will be c uA EN B x 2" 


— —„ 
— — — — 


2—2 ' 
X p —C+n * 


— — ; S, &c. where A repreſents the firſt Term 5-4 
of the firſt Differences, B the firſt Term c—24+2 of the ſecond Dif- 


ferences, C the firſt Term d- 3c 34 —a of the third Differences, 

D the firſt Term e—4d+6c—4%+4 of the fourth Differences, and 
ſo on for E=f—5;ebt10d - 10c+ 5b —a, &c. | 

For, fince b - rA, c—=26+a=B, &c. we ſhall by Tranſpoſi- 


wala Row - atega ue 
. 


tion have 
| 4A 
c = 2 -A B 
| d= 3c—3bFa+C 


| e=4d—6cF4b—a+D | 
F 5e—iodFio—5;bta+tE, 
| Ke. oc, 


where, by taking the Value of 4, as found in the firſt Equation, 
and ſubſtituting it in the reſt, there comes out | Es 


6 — 


for Conſtructing Logarithms. | 79 


| c=a+H2A+B 
d=3:—3A—2a+HC 
e=4d—6cÞH4A+3a+-D 
FA e 
c. &. Sec. 


in which the Value of e, here found, being ſubſtirured, we next 
have 
=a+3A+3B+C | 
. e e ＋D 
* S5 —1 106 SAT! W 
Kc. &c. &c. 


In like Manner the Values of e, % &c. are found to be A 


T6B4+4C+D and a&;A+1o0B+10C+;D+E, &c. Where the 


Unciz, in the Value of each of the Terms 5, c, d, &c. are, it is 
manifeſt, thole of a Binomial raiſed to that Power, whoſe Index 1s 
equal to the Number denoting the Diſtance of that Term from the 
firſt in the Series; therefore the Value of that Term, whoſe Dil- 


tance from the firſt is denoted by 2, will be Ax — * B 


2 


3 1 2— 2 | 
u x 2 N x ©, &c. 


Suppoſe a, b, c, d, e, &c. to 


be a Curve of any Kind, and Ty 5 _£L—F 


Aa, Bb, Cc, Dd, Ee, &c. given 1 A | 
Ordinates thereto, at equal Diſ- 5 rt” 
tances, but not very far from | 

each other, then to approximate 4 , 
the Area of the Curve by Means = | » 
of thoſe Ordinates; let Aa=9, "3-8 
BS, Cc =, Dd = d, &c. | 3 


AB=BC= CHD; SC == Þ, and 
theNumber of given Ordinates, 


FEE OS 


Aa, Bb, Ce, &c. equal to ni; A. 8 1: 0 
putting -A, c- 2b A B, | | 

Pr a ab 2bmemC, e—4d--6c—4bta=D, &c. Then that o 
whoſe Place from the firſt is denoted by , or whoſe Diſtance from 


the firſt is » Times the common Diſtance will, by what 8 been 


| determined above, be a+nA+#X —B+n x — — 351 + 7 
3 
4 bub x AS GE _ SD, Ec. Wherefore, if up, the Diſtance of 


= 7 
this 


— _ — 
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this Ordinate from the Point A, be put , and = be ſubſtituted 
By x —p 


above, inſtead of its Equal (z) we ſhall have a+ = * wo ＋ 
| 2 

5 555 . 7 &c. equal to that 2 whoſe correſpond- 

ing Abſciſſa is x; which reduced to ſimple Ternis, will be * 


Bx* By Cx3 Cx* Cx Dx* Dx3 11Dx* Dx | 
WW; TH 6p3 5 375 245 475 24 * i 
* " Ap 


it is manifeſt that the Equation of the Curve is y=a+— + 


| ; . 27 — 
92 675 &c. therefore y ab 5 2 27 4. So 48 


Ax* Bx BTL Cx 


the Fluent, viz. ax+ e is nearly cual 
| ap © 249 wi 


to the Area of the propoſed Curve, AabcdgG. | 

Hence if x be =2p, or the Ordinates given be only a, 5, and c; 
then A being -a, B=c—2+b+a, CS, &c. the included Area 
exb == >=, kec. vil be D405 
Ordinates 2, 6, c, and d be given, C will be d- 30-4, De, 
&c. and therefore the included Area, equal to © N "IL x * 
Moreover, if 5, 6, 7, &c. be the Number of Ordinates given, then 
the required Area, by praceeding in the ſame Manner, wil! come 

7a＋ 32bÞ+12c+3244-7e 19a+75bt+ood-50dÞ75e+19f 
out — 90 X *. — 288 „ 
41a+216bÞ27ck-272d+27eÞ216f +418 

x, and = 155 — — 
tively; where x, in each Caſe, denotes the Diſtance of the firſt and 
laſt Ordinates. In theſe Expreſſions if we ſubſtitute A for the Sum 
of the extream Ordinates, B for the Sum of thoſe next to them, C 
the Sum of the two next following the laſt, and ſo on; we ſhall 


have, by wiiting / for x, T TB x 05 = KA  AF3rbEge 


Xx: But, if x=3p, or four 


X x, &c. reſpec- 


T4 he &c. the Theorems for approximating the Area of the 
o | 
Curve with 3, 4, 5, &c. equi-diſtant Ordinates, and are the very 


fame with thoſe in the Table at p. 74. LS 
Notes 
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Note, When the Equation of the given Curve is comprehended 
in this Form, viz. y=Q +RxÞ+Sx*+Tx3, &c where Q, R, 8, &c. 
may ſignify any determinate Quantities whatſoever, the Curve paſ- 
fing through the Points 2, 6, c, d, &c. will be the very Curve de- 
fined by the ſaid Equation : Therefore, in this Caſe, the required 
Area may be exackly had, by making uſe only of as many Ofdinates 
as there are Terms in the Value of y, or as there are Units in the 
Index of the higheſt Power of x in that Equation, increaſed by one, 


To find the Values of Series by Approximation, 
Ft 
Let the Series am + Bam Tn.. cum fan dx"+3®, &c. be propound- 
ed, and let . be aſſumed as an Approximation for the Value 
IPX N | 
am 
8 25 —— Tx, &c. we ſhall have 


To; and therefore 1 and conſe- 
. 4 


thereof. Then, by writing 
axm- - +2, &c. 

— axm A. Paxm n, &c 

quently, when the Series conveys ſufficiently ſwift, axæm x" +96 


xm Tan, &c. is equal to Sor near! 
; be er Nm 
— 4 


CA . 


The Series propounded being as before, let A Ar 


Caſe, we ſhall have 

ae -f bende H Grete, e. y 3 
* 4 Pama T bPxm tan, &c. & So; whence, by comparing the 

ax — Ax * = 


Lo eg % axm + Axm-＋n 
like Terms, P Ab-. and therefore I — 2 
axm 4 * K ＋ —— ———_——_—_—— | 
DE 2 hn ab-\-bb--ac x x" 

1 | Py bar 


Mn 


ITP be 
aſſumed as nearly equal thereto; then, by proceeding as in the laſt 


of the foregoing Expreſſions, we ſhall have 2. —4l. for the Sum 


1 Compendious Methods for 
CASE I 


Let - 2e Or" be e as nearly equal to a ber ku 


cem an, &c. (the Series firſt propoſed) then 1 Jollawing the above 
ad „ bd cc 


— Rs ks "ac—hb—V 
5 X Poms © X  br—ad = A, and 8 ax mA mn 5 
ac—bb 3 1 — F N= 
42 ac--bb Ca x bc--ad .I x ac: x ac--bb x . 1b Fa P x gm 
| ac—bbÞ+bc—ad * LEG Gn ng. Ia“ 
where P and Q are as above ſpecified. a ets 


Method of Operation, there will come out 


| | Corollary. 
Hence it appears, that the true Value of the Series ax"+bx"+"+ 


5 a a xm 
cam Tan- Fm F zu, &c. is nearly equal to 


da nearly equal 


au- LUG 7 
e * 


to xm = _ wr „ and ſtill nearer equal tos 
4 .I x x" Ta x Cds * ac—bb x LEN 


ac Lc ad x x*Fbd—cc x x 


or 


Example. 1. 
Let the Series - attack dre; be 0 ſed, in this 
5 "+ 55 po pr PO 
Caſe a=1.x=—m=1 2, e =, &c. the Vajue of the Series, 


JF 4 
by writing theſe Values in the firſt of the foregoing Expreſſions, _ 


will come out equal to 2 


bo 
— 1 124 


3 
If the fame Values of n, b, u, &c. be ſubſtituted in the ſecond 


1 = 
of the Series nearly, and laſtly by a like Subſtitution 1n the third 
ax"Þ+bÞtar x xm | 2 


general Expreſſion — | or 


1+Px* © "SA 5 5 a 


2 — ac—bb Xx x +a x * c -d * ac -I K . ; | 4 


PEPE ˙ m -k—HZhq0 WEEDS Ie, | Go Sor mere en oe — — —— — 


i 
 ar—blthc—ad N - cc 6e n * will ariſe ; 


ne arly. 
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Dr RY + —+ &c. very near, which 
750 ge equal to 1 * = + &c. v * 
are the Approximations 2 gave at Page 72. | 


* 


Example 2. 


4x5 


Loet the Series x — -£4 — & c. be propoſed, then, in this 


Caſe m being i, 12, a=1, =-, =4, &c. the Value of the 

Series, by writting theſe Values in the ſecond of the. foregoing Ex- 
mo | = —7 7 X N 8. 18＋4 

LE * 15 15 Pg 


3 5 


prefſions, will come out equal toſ x x © 


Example 7. 
Suppoſe HELL ep i t 25, en 
3 2 3 4 


Rec. to be the Series propounded; then @ being r, 5 


22. = % Te, The Value of the Series will be 


3 a B—2 


nearly, Or ——— , more nearly. 


1 11 — 1 
„ 
2 2 | 


Example 4. 


| £ :,-:- x6 x3 
Laſtly, "i ee &c. be pro- 
y 5 Ae Jo 72 T7 las; 2.3-4-5-0.7.8" 


2 then the Va ue thereof, by proceeding as above, will come 


= ** 60 gx* 1 x* 15120 —boox? 3 
a: 60-|-2x* "i 7 15120 PS Tg- 
con 


To find the Roots of Equations by 3 | 
Let there be given the Equation ax f d, &c. = 
where ax x= cx; -dx+, &c. repreſents any infinite or converging 
Series, to find the Value of x. ; þ 
rc 


84 C ompendi ous Methods for 
It appears from the preceding Pages, -_ the Value of the pro- 
poſed Series will be nearly defined 2 


— but more nearly by 


abr ex . ax e EF Es. 
4 ya and ſtill nearer by — 7 ; wherein P 


—ad 34 — 


and Q ſtand for © n and ——; _ — ; „ ; a if theſe 


three Expreſſions be put, ſucceſſively, equal to Y, we ſhall have, 
| a 
firſt, a X -x - 48 Fes . 5 * nearly. 


* 


$ecoddly, PIT i mp ac x x*=by—cyx, or —54 K $2 + ar- 


9 3 whence, by putting 1 =, and s, it will he "ol 


abr and therefore * — „ pt I i more nearly. Third- 


ly, ax--3FaP x x* - Qx*y—Pxy=y, or, by 8 bFaP—Qy=C 
and *=2=D, it will be Cx*+ 2Dx=y; therefore x= i 


+: 2-2 ſtill nearer : Which three Expreſſions will ſerve 


as ſo many general Theorems for x, and may be uſed at Pleaſure, 
according as a leſſer or greater Degree of Accuracy is required. 


If the Equation given be x— © a 1 ＋ 4 2 2 =. 


oy 3 + 3 
n+3 »+4 0% cage, 
bi 


x4, &c. r = (where s is the Value of apy An- 


nuity, à the Number of Stars; and 1-Fx the Rate of Intereſt cor- 


reſponding) we ſhall, by writing 1, — 0 — * UE 


\&c. i 1n- 


ſtead of a, b, c, &c. in the laſt of the three general Expreſſions, 


2H —25 8 

5. err n+ _nÞ2 de 2 8 = C, L . 

1X I 15 29 
— 


and * 
2 =D, and x= DAR 2 E very nearly. 


11 1—1 H—2 1 - ont. 
„ += AC ELIS Seay; 
| a E 1 # * 3 4 


then 


* 
3 
* 


EE 


; 7 
ROE. FEAT THIS Ftp os / FC ha 11 hn I pi ot fo . . 3 a , — | _ — _ 1 N : : , 8 , —— = —— — 
. 8 . r "11, WD N 4 /// ˙ . ²˙*. ones . ² ?““nm DP PPDDPꝙæſ IE es nl nu od» 7 : ; I . 8 ; EW IE Rt PA — 8 
PP ˙ A ĩð ß ĩͤ Tut OBE, > Takes. AM 3 . 7J77TCTcfTTTPGG0ß0 / 0s OI LIEN INES Is 3 a es he OE IR . 8 by BP ; 3 . n 7 * X 8 7 n 
EOS 7% BO JC OT Bade ke ö n 55 Seer, 2 Tg Ong. be ITS. > Vs a 9, TER) CADET? $A oo DN LEE INES eo 8 8 . IN By f . 5 ; . = — A 

J 2 Ss S : J "IV 5 7 NS COIL 3 . T's N 12 : — 1 III, Sat Br 8 8 8 3 „„ CES, : | : : ; "ACTI Dy ah 4 

x . 6 * to OE 2 N SIGN q s 0 v : — 8 y 2 . 4 bony COLL HEAT ZW <y By ng Ede a HE eh 2 + AY. *— FF 0 * GRIN x 3 5 3 7 _ 3 3 88 «ad =D 3 e * 
. — ' — a e . os Os eg ö P 3 9 EO ES; - 2 OW . " bn. * 8 " AI - n — 4 

* 


being ſubſtituted above, we ſhall have A: 


1 1 : 1 | 1 os 
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* 


n+ 


+1 
6 


ge | | | — 77 2 WE 35 : 
C=1—=<= ä — b 2. and Xx= „1 
9 12 N 4 


ee SOUR e 7 bf yr 


nearly, bur more nearly equal to [BF 2 _B and ſtill nearer 


ATA K 


equal to / AE Hence we have a ready Method for 


HR r : 
extracting the Cube, Biquadrate, &c. Root of any given Quan- 


tity; for let Q repreſent that Quantity, and let & be taken nearly 
equal to the required Root thereof, and let à be given Index, that 


is, if the Cube Root be required, let # be 3, if the Biquadrate, 4, 


&c. and let the true Root be repreſented by &+z, that is, let +2" 


be =Q. Therefore += | => and by expanding meg 5 


haye 1+ x u — „ , &c. , therefore alan] 
we nay Tax, Tt * 2 R þn ? * 2 


YZ? 1-1 1— 2 23 


nen 
2—1 2 —2 


3 22 2 and, by putting—=x b 


and Se , we have =* * x3, &c. the very 


ſame as above, and conſequently the Value of x is as there deter- 


mined; whence the required Value of &-+ix (42) is alſo given. 
Suppoſing the Value of an Annuity for 10 Years to be 8 Years 
Purchaſe; required the Rate of Intereſt. By comparing the 


Values here given with thoſe in the above Series x= 6 
Mugs NET gIVs ove . 
„ x, &c. we have n=10, 5=8, therefore y * 4 


n nt io 


— 


8 (A MET ae D ( 22320 


TEE ER ot” 55 C 
=> == 125 and een — 8 1 =1.044775 
for the Rate of Intereſt required very nearly. Now according to 
Dr. Halley's Theorem, the Rate will be 1.042 798, which is alſo 


very 


plain TAY 2 522 * ' 
then will a=1, 5 c *x —. &c. which Values 


PFF ⁵˙bVD̃]⁰˙wũ] u Ä—NQm - 


#5 
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very near the Truth, but ſo exact as the former, which is right in 


All its Places, 


Let it be required to extract the Cube Root of 10, becauſe it 


appears it the Root required is a little greater than 2, let the Value 


thereof be repreſented by 2 T z, or the Value of &, be taken =2 ; 
then, » being =3,y will be , c 2, and D==2; therefore(by 


3 / 4 | 
the firſt of the Approximations above given) x will come out ( 17 


=.0768 nearly, or (by the laſt of them equal to / 54 = 

| : 4 
077217 fill nearer. Hence (k-kx) the Value Frcs Tag will be 
2.154, Or 2.154434 more nearly. £7 | | 
Let the Fquation 23+2*+z=90 be given to find the z the Root 
thereof, ſince the Value of z, it is eaſy to perceive, is not much 
ater than 4, let it be denoted by 4 fx, and let this Value be ſub- 
nuted inſtead of z in the given Equation, and it will become 
84+;7xÞ13x*%+x3 = 9o, or 57xÞ+1 3x*+x3=6; which being com- 
pared with the general Equation ax NK cxꝭ dx, &c. , we 
thence have 22867 þ=13, (=1, d=0,&c. and y=6, wherefore, by the 


firſt Approximation, the Value of x(= 2 will be o. 1028, 


and therefore that of z==4.1028 nearly: But if a greater Degree of 
Exactneſs be defired, then, according to the laſt of the three Ap- 


proximations above laid down, we ſhall have P ( 3 9 3 
5 f N ac — bb 112 
zd cc 


| —P 


112 3 


thereforex( 7 14 So. 102832353 which is true to the 
laſt Plase. | | 


Nate, When the Root of any high Equation is ſought according 


to this Method, it will be convenient, and ſhorten the Operation 


much, to neglect all the Powers of the converging Quantity 


kx, which in ſubſtituting for the true Root (z) would riſe higher 


than the 2d, 3d, or ath Dimenſion, according as you would work 


by rf, 24, or 34 Theorem, or as a leſs or greater Degree of ac- 


curacy is requi.ed, : 

" Note alſo, That if, after the Value of the Root is once approx- 
imated, a greater Exactneſs be ſtill deemed neceſſary, the Opera- 
tion may be repeated till you arrive as near the Truth as you de- 
fire, as will appear by the following. 


1 


Example 


9 
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tin Example. | 51 


Whetein 25 22 ＋-;25 T4 +52 being given 4321; it 1s 
required to find the Value of z, according to the firſt Approxima- 
tion. Here, becauſc it is eaſy to perceive that z is greater than 
8, and leſs than 9, write 8--x=z; and then by involving 8-|-x, 
and neglecting all the Powers of x above the 2d, we ſhall have & 
32768 +20480x +5120x?, 2*= 4096-|-2048x+ 384x*, 23 = 512 
+ 192x+244*, 2*=64Þ+16x+Þx*, and therefore 42792+25221x 
＋ 59604x*=54321, that is, 25221X-+5964x*=11529; which; by 
ſtriking off two Figures in each Term(to ſhorten the Operation)will 
be 252x-59x*=11 ! rr 
2522 +59 "rence nat 72 Erie 
=0.41, and z=8.41 nearly. Let, therefore, 8 41+x be naw aſ- 
ſumed ; by repeating the Operation, we ſhall have 30479xþ 
6876x*=135.92z whence (actording to the foreſaid Theorem) we 


KEY; | 30479 * 135 92 ay . | | 
ſhall have === : — (—=— )=.004554 for 2 new 
30479/6876 x el 50 . E © 

Value of x; which therefore, added to 8.41 gives 8.414454, equal 


fo the true Value of z very nearly. 


The above Rules for Approximating the Roots of Equations, to - 


gether with the following Method of finding the Area of a given 
Curve by Means of the common Parabola, will be more fully il- 
luſtrated by various Examples, when we come to treat of the quad- 
rature of the Circle, and conſtructing the Table of natural Sines 


Tangents, &c. | | - 
5, c, be a ſmall Portion of any Curve a, 6, fi, and 


Suppoling a, an 
Aa, Bb, Cc, three equi-diſtant Ordinates; to find an Expreſſion in 
Terms of thoſe Ordinates, | + 04 Þ Fe? . 

and the common Diſtance N 
©; 


AB, that ſhall nearly ex- e ö 


hibit the included Area 4 
ACcba RA. | ö PESW | 
Let a common Parabo 55 e 
la, having its Axis paral- | my Sl f 

1 311 


el to the given Ordinates . 29996? /FIRFT W9S2 es 
W „ABF 


be deſcribed through the 


three Points a, 5ù, c, of the aforeſaid Curve, or rather to avoid 
confuſing the Figure, let that Curve itſelf repreſent a Portion of 
ſuch a Parabola; join A and C with a right Line, and make ST 
parallel thereto, producing Aa, and Cc to meet SST in S and T, 
and drawing vm from any Point v, in the Parabola, parallel to AS; 
Then vm, by the Property of the Parabola being to Sa, as Im, 


to 


——— . K — 


| 
| 
| 
( 


88 Compendious Methods fo, 
to 4S?, or, inthe Duplicate Ratio of hm, to h, the Space Bash, inciud- 
ed by the Parabola and the right Lines Sa, and Sb, will be; of the 
Parallelogram 4raS6, for the ſame Reaſon that a Pyramid; whoſe 
Sections made by a Plane parallel to the Baſe, are in a duplicate 
Ratio of their Diſtances from their Vertex, is known to be > of its 
circumſcribing Prim. Wherefore, ſeeing Bb x 2AB is equal to the 
Area of AC TSA, and Aa Cc x AB to that of ACrraA,; the for- 
mer of theſe Quantities muſt exceed the parabolic Area ACrbaA; 
by juſt what the latter wants of it; and therefore twice the former 
added to once the latter, will be juſt three times this Area, and con- 


ſequently the Area itſelf equal to K AB; which Quan- 


tity, ſince a Parallel admits of infinite Variarion of Curvature; ſo 
as to nearly to coincide with any Curve for a ſmall Diſtance muſt be 
equal alſo to the Area ſought very nearly, | 
Hence, may the Area of the whole Curve be alſo nearly found 1 

for let the Abſciſſa be divided into any even Number of equal Parts 
at the Points B. C, D, &c. according as a leſs or greater Degree 
of accuracy is required, and let Bz4, Ce, Dd, &c. be Ordinates to 
the Curve at thoſe Points; then for the ſame Reaſon that 


e e AB is the Area of ACcbaA will 1 e 
* CD be the Area of CEedtC, and EEA, EE, that of 


EGegfeE, &c. & c. But the Sum of all theſe Areas taken together, 
e 2 
7 TS Aat4Bb+2Cc + 4Dd-j-2Ee+4Ff-r 20, &c. is the Area 


of the whole Curve: Hence it appears that if to four Times the 
Sum of the 2d, 4th, and 6th Ordinates, &c. be added the Double 
of all the Reſt, but the firſt and laſt, and the Sum be increaſed bj 
theſe two ſingle Ordinates, and multiplied by 4 of the common 
Diſtance, the Product will be the Area ſought, _ 

Note, When the Area of any Part of a Curve near the Vertex; 
where the Ordinates are very oblique to the Curve, is propoſed to 
be found, the Solution by this Method will be the leaſt exact; 
therefore, in all ſuch Caſes it will be convenient, inſtead of ſuch 
Ordinates, to make uſe of Lines parallel to the Axis, of which take 

the following. x . 

Example, Where @ Bede being a Semi-Hyperbola, whoſe Ab- 
ſciſſa Aa is 10, Ordinate AE 20, and Semi-Trantverſe Oa 20 ; 
it is required to find an Expreſſion for the Area AacE A, in Num- 
bers, that ſhall be true, at leaſt, to 3 or 4 Places. 
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Firſt, 


for Conſtructing Logarithms. 89 
Firſt, Let AE be divided into four equalS R Q P — 
Parts at the Points B, C, and D, and Bs, | 
Cc, Da, &c. parallel to the Axis AO, pro- | | | 
duced meet the conjugate Axis of the Hy- 
perbola in the Points P, Q, R, S. There- T2214 
fore, by the Property of the Curve, AE* | | 
(400) : ES? —_— (500) : : OP*®* (25) : | | | b—jE 
P4*—Oar* : : OO (ioo): 22 — OA |/ — : 
:: OR? (225) Rd Oa?; whence PS IL | 
20,770, ag e es ; 7 i 
fore Aa 10, Bh, 2 34, Cc=7,087, Dd= 1 
3. 3,900, Ee; . conſequently 4 x © 0 BA 
9.234. 3,900-F2 8 7.087 +10-+0 into 3 =127.8 equal to the 
Als ſought. 
Example 2. Suppoſe ECDHLE to be a Solid, generated by the 
Rotation of any Conic Section about , 
its Axis DA, viz. either a Cone, hee 
Sphere, Spheroid, or Coniod; and let | 


— 
- 


the Content of any Fructum EFGH 0 r 
KLE of that Solid be required. . 
Here if p be put for the Area of a 

Circle, whoſe Diameter is Unity, and 

a Curve as abe be ſuppoſed, whoſe : . 

Ordinates Aa, Bb, &c. ſhall every D 2 B A 

where be as the Areas px EL, 

p x FR, &c. of the correſponding 

- Sections, then the Area of that Curve 
will, it is manifeſt, be as the requir- 
ed Content of the propoſed Fruſtum: . 

But this Curve is always a Portion of 2 

the common Para bola, except in the | 12 

parabolic Conoid, where it degene- 

rates to a Right Line, and therefore its Area, ſuppoſing AB BC, 


AC 
will be, exactly, equal to Aa T4 Ccx and, conſequently, 


the Content of the Fruſtum, equal to EL*+4FK*+GH' x , D 
AC; which 1s therefore to EL? x px AC, the Content of the Cir- 
cumſcribing Cylinder, as EL*-+4FK2+GH? to 6EL*. This Pro- 
portion, if AC be ſuppoſed SDC, and the whole Solid EGDHLE 
be taken, will become as EL*-}-4GH to GEL where 4GH=® is equal 
to EL, 2EI?, or 3EL*, according as the Solid is a Cone, parabo- 
lic Conoid, or Semi-ſpheroid. Hence it appears that a Cone, a pa- 
rabolic a Coniod, Semi-ſpheroid and a Cylinder, having the ſame com- 
mon Baſe and Altitude, are to one another as 2, 3, 4 and 6 reſpec- 
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STABLE I. Brigg's Logarithms of all Numbers to i co, and of | 


Primes under 1100, to Sixty-one Places, by Mr. Sharp. 
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0. 77815. 12 50 ;. 8 364 3. 632 50. 87667. 97979. 6083 3.5968 3. 1874 5. 652 80.440661. 40293 9 6 
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1-00900,00000-00000-00000.90000.00000.00000.00000.00000:00000,00000.000000 10 
I Tj 1.041 39.268 5 1. 5 822 5. 040 5. 1999.7 124302424. 17067. 02 190. 46645 · 30945. 965 390 


151.1760 . 12 590.5 568 1.24208. 12890. 08 5 30. 62 22 8. 243 1938982728 58.7 3235˙194382 15 | 


1. 204 11.9982 6.55924. 7808 5. 49555. 78 897.972 10. 707. 5952 5. 84843. 41652. 417098016 
1711. 2 3044. 892 13. 7827 3.928 54.0 1698. 94.328. 3370 3. 000 5. 67378. 42 504. 63973. 803685017 
181.2 5527. 2505 1.03 306. 06980. 3794.0 1234.7 2364. 5 1684. 47 609.843 50.02 709. 70158718 
191. 27 87 5. 36009. 5 2828.96 153.63 3347 57 56.9293 1.79 511.2933 7.39449. 5989.68 58919 
201. 30102. 999 56.6 398 1.19521. 37388. 9472449 302.6768 1.8988 1.46 2 10. 8 5413. 1042 50 
211.3222 1.92947. 3391926800. 7244 1.6 1847.7 5 150. 268 37.0 1260. 5 1466. 127 13.3 3500621 
221. 34242. 26 808. 22206. 23 596. 39388. 65967. 5 1726. 84748. 9 207 1.928 56. 163 59. 06966 522 
23.1. 36 172.8360. 17 592.8788 6.77771. 12251. 189 54.9697 5. 1 1034.3 3609.6 1882.7 5605 5023 
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341.53 147.89 170.4225 5. 12 37 5-39087.89052.83005.677 57.572 59-887 15.49 356.907959 
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471.67209.78 579.357 17.4644 1.42193. 99449. 20064. 0 1598. 03098. 42994. 8270. 37 3294 


51 1. 70757. 01760. 97936. 3658 3.5 1977.97 58 3.45233. 92076. 96242. 6 1574.22 622.102 341 5 
521.7 1600. 33436. 34799. 15963.39 829.4739 1.3 1448.43 66 1.0895 1.31128. 53 544.2204 59 5 


$411.73239-37 5989-22968, 50709.388226,04489.33895.43685.76474.03419.61358.000244|5 


561.748 18. 80270. obνoο. 4163 5. 34329.42766. 11527. 3788 1.42040. 7 1029. 10304. 34917305 


57 
587.6342. 7993 5.62937. 282 54.6 58 56. 57693. 74801. 80224. 84299. 3492 6.23823. 7 582445 


591.7708 5. 20116. 42 144. 1002 6.06 563. 84535. 1442 3.89267. 44474. 9307 6. 52 155.2728 575 


261.4 7497.33479.708 17. 96442. 0244. 52 666.82 14 5. 75979. 19069. 849 17.68 131.7116184 20 
27143136. 37641. 58987. 31188. 508 37.097665. 34592. 6003. 8659 2.57208. 5944.89 596927 
811.4471 5. 803 13.422 19.22 113.969 40.4804 1. 62 224.70 199.5 2159. 248 18.2489 1. 244899028 
1. 4623979978. 989 56.087 33. 28467. 62969. 2549912 542.9441 7.887 15.384 10. 653969029 N 
301. 477 12. 12547-1966 2.43729. 5027 9.03255. 1530. 9 200 1.2 8864-19069. 58648.298656130 

3111.49136.16938.34272.67966.67041.00118.41572.23037.01558.30415.46559.383498[31| 
32,1.50514-99783-19905.97606.36944. 73622.46513.35409.49407-31954-27005.521373j32Þ 
33[1-51351-39398.77887.47804-52278.74498.13955-09068.310 54-65714-39594-264047]3 3] 
34þ 
35 1. 5440b. 80443. 5027 5-63549-84773-63868.14316.67153.92514-$86185.65651.932075 35] 
3601. 5 56 30.2 5007. 67287. 26 50 1.75 33 5.9 59 50-2 1667 19 366.3749 1. 30 560.88 122.8056862 36 
371. 56820. 17240. 66994. 99680. 84 506. 89 5 39. 1294479 829.72 690. 1663 1.25466. 176799037 
387. 57978. 3 5966. 168 10. 1567 5. 00723. 7048 1.422 34.47 193.192 18.8 5660.6 1402. 1724630381 
397. 59 106. 46070. 26499. 206 50. 153 30. 61197. 44374. C0298. 580 52. 57776. 41366. 3 105660395 
+ 1.60205-99913-27962.39042.74777-389448.98605.35363.79762.9242 1.7v826.208549 4of 
4111.61278.358567.19735-49450-94118.49968.18079.95305-13633-83368.70890.073567j41 

4211.62324-92903-97900.46322.09830.56572.24452.94518.91141.97676.98120.439281/42þ 
1.63346.84555-79586.5264c.50881.53229.22215.88087.74884.38009.34145-247493'43 
44/1. 64345. 26 764.86 187.43 117.7677. 60692. 01029. 5 2430.8 1953. 39067. 01772.173939ʃ44 
4511-65321-25137-75343-67937-63169-11785.73759-16320.67846.91928.31383-493038/45 
46{1.66275.738316.81574.07408.15160,06975.68257.64657.00915.79820.47295.860329 46 


$311-72427-53696.00789.04563.29922.91627.256 59.26955.02401.29493.77805.941030 57 
55 1.749036.26594.9424 3.8455 3.646 10.765 18. 53 121.4938 5. 12309. 004 34.455 32.861116 55 


1.75887. 48 5 56.7 249 1.3988 3. 136 13.790 12.044662. 1512. 58201. 58 519.34637. 36684557 
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47 
48 1.68 124. 12373. 5587. 218 14.998 34.82 153.0874 1.62728. 88 390.039 13. 0300.715755 48] 
1.69019.60800.28513,66142.44325-17185.27238.69671.44792.64793.08130.072699[49 | 
50;1.69897.00043.36018.80478.62611.0527 5.50697.32318.10118.53789.14.586.895725 Sel 
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*| $1'1.78572.9$3 50. 10767. 03388. 5748 f. 137 57.321 34:92633-78757.11340.42120.703429| 63 


1.79239. 16894982 53.8748 8.04429. 9484 2.90874. 907 18.914397 6629.3 1972.487773] 02 
1.79934. 05494-5358 1.70 530. 22720. 65 102. 8668 1.18838. 30124. 70535. 1361.633662 63 
1.80617. 99739. 83887. 17128. 2433 3.68 346.9 58 16-0609 1.3928 8.77265. 12478.62 5648 64 
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661.8 19 54.393 5541868. 6732 5. 89667.69222.632 57.767 50. 20936. 1192 5. 7 500. 368321 
671. 82607. 48027. 00826. 434 14.9 1316.292266. 068 58. 09496. 26080. 568 61.3869 1.179160 
681.532 50.89127.06236.31396.76476.83777-32308-3 5439-47 141-34926.34800.012234 
691.8 3884. 90907. 3725 5. 31616280 50. 15 506. 3048 5. 8 8976.398988. 52679.20531.054711 


7011. 84 509. 80400. 142 56.8 30) 1.22162. 58592. 63619. 3483 5.72 396.32 39 6.5400 8-363 50 


1.81291.33566.428 55-57 399-27662.63217-83540-40615-39306-92495-97394-907635, 65 


71 1.85125.83487.2907 5.28609.28294.3503 5-4-291 3-52704-19901.60039.19762.766499 
72, 1.85733-24964.31268.46023.12724-90684.70969.87048.27372.76771.73535-910137 
73 1.86332.28601.20455.90107.43869.00470.30853-44523.68255.37:65.74851.100020 
74\1.86923. 17197.30976.19202.21895.842643.02247-47511.02571.62842.10879.251074 


76 1.88081.35922.80791.25106.381212.65205.91537-14$75.09100.31871.46815.276738 


| 77 1.88649.07251.72481.87146.24162.29835.66043-51902-74586.79041-$5011.001740 
| 75 1.89209.46026.90480.40171.52719-55921-93676-67980-47934-03987-26779.414841 
1 79 1.89762.70912.90441.42799.4921x3.86478.24962.64328.62019.02515.0c3156.163513 
80 1.90308.99869.91943-5$564.12166.384173.4790$.03045-69644-38622.56239-312824 
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87 1.93951.92526.18618.52462.78 746.66224-37030'04544-23282.07784-97058.952625 
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5 22 1-9 5424-2 $094-29324-$7459-00558-06510.2306 1.84002.57728-38139.17296.597313| 90 


| 91.1.9 5904-1392 3-21093-59991.37214-16534-96462.43133-01584.71103-36783.04532 59 
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The Uſe of the preceding Tables. 
1. Any Number being given to find it's Logarithm to 61 Places of Figures. 


95 


I F the given Number is in either of the Tables, it's Logarithm is found in the Line even with it. | 
If the given Number is the Product or Quotient of any two or more Numbers found in the Tables, the Sum or Difference of their Lo- 
garithms is the Logarithm of the given Number. | | 2 
If the given Number is not in either Table, or is not the Product or Quotient of any there, then divide 999998000000 by the firſt fix 
Figures of the given Number, the Quotient, if compos'd by the Multiplication, or Diviſion, or both, of any Numbers of Table 1. or the neareſt 
Number to the Quotient fo compos'd, will for the moſt Part be a Factor for multiplying the given Number to make the firſt ſix or ſeven 
Figures of the Product, with the Reſidue as a Decimal, near one of the Numbers in Table 2, whoſe Logarithm is there given; and the 
Logarithm of the Fraction made by the Product and that Number (found by the foregoing Methods) added, if the Product be the greater, 
or ſubtracted, if the leſs, will give the Logarithm of the Product; then ſubtracting the Logarithm of the Factor, the Remainder is the 
Logarithm of the given Number: But if no ſuch Product can be had, then ſeek for ſome Product compos'd of Numbers in the Tables, as 
ſhall have the firſt ſix, ſeven, or more Figures thereof, the ſame as thoſe of the given Number, or of ſome Product of it made by one or more 


of the ſaid Numbers, whereby it's Logarithm will be found as before. 


Let the Logarithm of (II) 3.14159.205 5.870% 23840.204 33-53279. $0288.4197 1.69399. 37510.58209.74944.592 30( the Circumference 


of a Circle whoſe Diameter is 1, or the Meaſure of the Arc of 180 
(M) the Meaſure of the Arc of 1 Min. 


ded by 3.14159 quotes 31 


999998000000 divi 


8310 nearly, which being compos'd of 229x13190) is a fit Multiplier for the Number 3.1415 
c. whoſe Product 1000000. 357 50, 41670, 857 35,04401,53316,98503,00880,09915,15089,93387,45340,13, &c. ſuits very well, being neare 


eg, when the Radius is one) be ſought, and thereby the Logarithm of 


t 


1000000 in Table 2 : But if no ſuch Product could have been found, or that it is known, the Product of ſome others (as 313x271 divided 
by 27) will ſuit nearer, and ſhorten the Operation, inſtead of the Multiplier 318310, take 27, then the Product is 84.82300, 16469, 24417, 


43840, 37 13,4854 


bY 


b— 4 
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Natural Logarithm 0 


This multiplied by o. 868 58,896 38, £7c. gives Briggs's Log. of — 
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57787, 33235, 73783, 12785, 71663, 23503, 902 1 A-,, and the firſt five 
5 0.00000, 16469, 2441743949137 1348546. 57787,33235•7378371278557 1663, 23504. f. 


. » . 0 * 


Figures 84.823 (3.13 27. 1) 4. 
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, i „04978, 24842, 80129, 87165, 700 18, 8 58 54, 8 5688, 49896 


r e , . V JO OT OS 8 


FF 1 è i ß lg ] CMGGTT , ¾ 0 ↄ . ꝓ V .. 


. . . 17245,67496, 58350, 23735, 18262 
„%% %%% + 8 > <-+ »* © LLC 


«> + + + + + + » +» + + 0.00000,00097,08000,0918037510,218 


b 


$5,32802,79572419877,25804,20330,70055,86639 


Brigs's 


| 'y = "2 dh oCoooοο - , w $59npoad *2g *gSrof's = . ponduſnu fy 1, 
MhrgrotehrgorS!bifoglig lug rgoboSroofaggf] liceegt Eco 101805 eee 3 F . 8 . „ ee = An 
6099Þg* FELEF EL IFSS 97 e ,t. eο e? OIOLE 7 609%T15 LE 1IEEO οοοο „ henqmj dor Wop 
_ 126F6g*gl66+*4ggbb*<LSEftg L998 S wget 1 96g FELL IS LEO grLgS SIgHb goo00'9=(gr'o zo O.. jo 8 30*80T 
1 | | | | *q=(grroxlb'0x9' =) QIO0O00'L 
s e or. L uf sun N Jo p,sodwod iDο⁰e,ν on urlamue (eſqr I $,47m42q9g ur punog) sn xy jo qm N Yoleou mn yolya OT, 
6609 88488661 5589 r“ 9 9e t? 01666 grb6g tilt 1INSνοοοοοhẽꝓ De- ůnn : + + FJ got Jo 80% Jo A 
S0zSho®bittg ν e ,εε% gtgtbtigbtL 1SEgg 11829 gotr oLiig tSog5 OESTO'Q © © (7 jo · 801 ＋ᷣs o jo 0 =) o- 1 yo · 80% ou. 


| | *3jÞ193u7 punodwoyg *wnuuy 4d 
*Ju2r) 40 79 Jo IILY 213 q Ard duo 103 punoꝗ duo Jo qunomqy q 40 f 4211987 Aq paJuaJaidal 12quin\ aq puh 02 2 ojduuvxꝗ 90 JI] 


| | „ | *113noj 12quiny 212 $9413 gueuoduiog Jem Aq 
pa1dnmm (va413 *Jor] ay3 wor 12qumyy m g ufureaqo 103 *spoy3oJy ufo, 2y3 A punog) Sunpiezo'] om3 2y3 Jo 22UAlaytcq qi 03 Zur 
our 12quin\] 213 uay3 sq L o ut pry s 2uauodwoyg yony Jo wyziiego'] on xo £op [pm $12qumy 2J2y32 zo p,Sodmod <53a] 40 4 
ee *039113 12quiny yolrou 2y3 <30u 1 3nq £ [ſam AA amy IH 31 891qe. L i ut sa quin N Jo zuↄuoduio 213 2q ways Jo Ife 40 X 31 Pur 
£ $Wy3re30'] Jo oqr L 12y3o Aue Aq aaquinyy 2y3 30 seng 208 10 unf YAY 2y3 puy uay3 sr L 2y3 ur zou sf unqnαν UuIAIS 21 - 
Ks | p. xujoid ui awry o ut punoj $1 Jaquin\y st ©s21qr L 2y3 Jo 491319 ut SI WHyzIeGO'] uad ay} | 
- goandi fo 52391 19 07 deqiun N Supuodſa44o2 8,12 pur 07 uanif Burg wqQmningoT Wy ⁊ 5 
. 8s 

ur. 1, seulg . 30 213 Jo You 2x7 2q {ew 31 ein uhop and s (9) 3uamajdwon $1 © Juraq wyarar3o'] ef $143 Jo Xapu] of. ©9207 
8g1og9ez©69 e 1þgg* 9961 1<6ohiSt gags globg*LgolgtforSri+gilotttliig*tlifghg re 4 + + 2G) gggot6zoowso (jy) Jo 1G0T 
g1SFo1*14Lgþ otgor Sf gg<htligt 186188 ito +ig%z1t ol orbgg s SLC cee prnqm (0930 (3oT+Og1 e) oogol 30 30 
ge Sort rghbe bog rs ge goof igghg obegg tggritSEvSgff ito grigetiioho cr tte ee no» 26) 681718 (11) 3080, 
596568. 68e gol 059g foogl ibs ESgL6o ZEgoSiggtit Lgoge IÞHgLEfgfIfh re een penqmq &= jo 30% 
$059. 7<gobFoo*t $7564 91679 ori ogrir ggSogb  rSEgEzggIICIES IEgEISgrOEL ——— “ . 
r e 
8189618662 8,0118 6869866181818 F198 08918 og yggr SLEEP FSSEHO rr eee e 18 30 0% 


> AS 8 „ 7 50 30⁰¹ 8. 884 


* % % + ⁴wt• „ W $# G # 
„ W ů r -V -r 


.* . 9 . . * . .* vw * 


8 19 


. 00000,03463,57:89,89347, 69712432505, 54835, 89228, 22861, 41751, 01028, 013206 
SES CT Rx x19, 9033029908, 6450 3,382 38,8610, 096 30, 37754, 10566, 537177 
VV - 455013 $2514424837,28993,16427, 39 390, 16038, 805027 
H‚— U ẽ æ 77333333 . 4391, 19400, 44779, 0302, 40067,8 1615, 535289 
7 ̃ ü ⁵⁵ ß Dor OY Yo 4954.35.54 340869,76217.00070g 
% % ee, 73003, 838899 


. 507956 3082,40 


% % o ©» % d % ©*>2 


* 0 2 . . . * 0 89 -v 


9 . * 9 > 89 > * 2 


Sum of the affirmat: we Part. 


A * * * 89 0 . -v 89 - © . * 


30000 20) 1.06465 
IL NS Crs #0 > I EIT Pur A OTOL PY FEY Wn 1 78882580 U 268508 


. * 0 . « * 


C4 8 590, 63308, 60199, 150 12, 60377, 82567, 313975 
9 7967787 27554 
Poa on er ES: „%%% CCC 8 „ 


4. + += I. ooo, eo, oo50, Nr 8 32427, 032 ray Fr £9q145,19555,321403 


TA3 


T5 LA” . © '©® . . * 1. Ld 0 2 
Sum of the negative Part 
Reſult of the Series 


ee ES 0.00000:0360 57 269,093419 09712,22 305,54835,82225,72801,41751,01026,0133 3 
Sas I 99250,25419,04139,54832,19404+ 50560 0282.3,144488 
5 I ME OSS Cr bis Af 8 £4 EY. * $+15374:49128, 19506,74801,80035g 
C # 2 +» + » It,80421,246511 
355 3 A , 808 5,7727 e 4 


Which multiplied by 1.00016 gives 75088) 


Annum. Compound Intereſt. 


«+ + + + + . 99999, 965 306, 42870, 08822, 75990, 85 126, 73447, 508 17, 70834, 41309, 54401, 148789 


Bo 1.00015,96535,87452,9474417155,00980,35475,25977,83917,74660,15413,362573 


If it was required to find the Number repreſented by 1.05 7.05. » or the Amount of one Pound for one Day, at the Rate of 5l. per Cent per 


The Log. of 1.05 (og. of o. 214 Log. of 5)=0.02118.92990,69938, Sc. and 1; 


thereof is 0.00005,80528, 741 IA Se. = L, to which 


the neareſt Number of eight Figures anſwering, but leſs, compos'd of Numbers in Tall 2 I, is 1. 00 1334 (. S IXO. S 3x O. 42 x 1.9) =a; this 
will converge ſwifter than the preceding. Such Expedients may be found for moſt Numbers that can be propoſed. 


Nate, Any Number produced een the Numbers in Table 2, its Logarithm may be moſt eaſily had to 30 Places, by the ſevera! Dif- 


ferences annexed. 


one End of an Arc fallen perpendicularly on the Diameter that 


than 90 Degrees, is the Sum of the Radius and the Co- ſine, as DR 


| Radius at one End of the Arc, and terminated by another Right- 


the Arc of 1 min. is ( 0.00029,08882, 08665, 721.50, 61539, 


[98] 


Methods of conſtructing the natural Sines, Tangents, and 
Secants. 


| Chord or Subtenſe is a right-line, connecting the 
Figure 1, Extremities of an Arc, as F O is the Chord of 
the Arcs FE O and F DO. 
A Sine (s) is half the Chord, or a Right-line drawnfrom 


terminates in the other End, F R is the Sine of the Arcs FE, 
and FD. 

The Radius (7) is the Semidiameter, or Sine or 90 Degrees, 
and is the greateſt of all Sines. 

The Corine (cs) is that Part of the Radius, which is inter- 
cepted betwixt the Center and the Sine; or it is the Sine of the 
Complement or Difference of the Arc from a Quadrant of go Deg. 
as CR=FW is the Co- ſine of the Arc F E, or the Sine of it's 
Complement FB: Es is the double of the Co- ſine of the Arc Ds. 
or the Chord of it's Supplement, viz. of BE ; ſo Ex, E,, Es, En, 
are the double Co-ſines of the Arcs Dy Do, De, Dy. 

The Yerſzd-fine (v) of any Arc leſs than go Deg. is the Exceſs 
of the Radius above the Co-ſine of the Arc, as ER EC — CR 
is the Verſed-ſine of the Arc FE. The Verſed-fine of a greater Are 


DC CR is the Verſed-ſine of FD. 
The Tangent (t) of an Arc is a Right-ſine perpendicular to the 


line called Secant (/) drawn from the Center, thro' the other 
End of the Arc; ſo EH is the Tangent and CH. the Secant of the 
Arc FE. 

The Co-tangent (ct) and the Co-ſecant: (c) of an Are, are the 
Tangent and Secant of the Complement of that Arc to go Degrees, ; 
ſo BI is the Co- -tangent, and CI the Co- ſecant of the Arc FE. f 

The Length of any Arc is readily obtained: from the propor- 
tion of the Diameter of the Circle to it's Ciroumference exhi- 
bited by Ludolf Van Ceulen, ſince prolonged and confirmed to 74 ö 
Places by Mr. Sharp, which is as 1 to 3.14159, 26535, 89793, 
23846, 20433, 83279, 50288, 41971, 69399, 37510, 58209, © 
74944» 59230, 78164, 052+ =I. This Number (the Radius: 
being 1) is the Length of the Semiperiphery, or Arc of 180 Deg. 
whence the Length of any Arc is eaſily found; for the Length of- 


48461, 41477 =M. And M multiplied by the Number ot Minutes 
) contained in any other Arc, gives the Length (A) of that Arc. 
Hence 


4 


i es 


2 * Pry Ir as 
ee eo Oo Eo Te 


Sine =A— 2 Alf 26K = 5676 ＋ 382888 K 


Tangent = AAA * A5 + Z A 125 


Co- tangent = A 1A — AS —- —AT— 
| 45 


Tangents and Secants _ 99 


Hence by Sir Jſaac Newton's Series, publiſh'd by Dr. Hadley in 
Phil. Tranſ. No 219; the Sine, Co-ſine, Tangent, Co-tangent, 
Secant, and Co- ſecant of any Arc are readily found. 

1 I I 
' 39916800 
I | "A 1 I 
* 6227020880 a 1307674368000 AF 355987428096000. 


= 19 at Shs” 
121645100408832000 3 5 109094217 1709440000 A* c. 


I I Xx 1 
Co ſine = 1 —+ A 24 Aﬀ = 720 2 40320 A 3028800 A 


120 5040 A* 


17 — 


| 1 8 I T7 . 3 
—- 479001600 A 57778291200 A + Pry AP — 
1 | 18 1 3 
64023737057 280⁰0⁰ 1 + 243290200817 6640000 A? c. 
62 1382 
A X - All 
315 2835 T 155925 


21844 "A 929509 15 6404582 17 
6081075 A T- A T* 10854718875 EATS 


<7 
| 945 4725 93555 
Ee HIP x TP} Py 


A9 


6385 12975 18243225 * 1628207831 25 


„ J A4 . as 4 277 as. IH aw 
Secant = 1 + 3 4 72641 = 564 K 5628800 A 


840853 4112 199360981 ay 3878302429 au 
*- 95800320 A T 87178291200 4 T 4184557977600 My: 
_ 2404879661671 Als Se | 
.640237 370572800 f 


: A 44 Ea ns — 7 
Co. ſecant A +56 A + 8 A 155 A5 + Fae = A 


as + 


8191 
37362124800 


es A . 
* 3421440 4 * 653837184000 A i 


— 1 
533531142 144000 A G. 


Let the Sines and Co- fines of the Arcs of 5 min. and of 29 deg. 
55 min. be fought : The Number of Minutes contain'd in the 
former Arc is 5, and in the latter 1795 ; therefore 0.00024,08882, 
Sc. Xx 5 = 000145,44410, 43328, 60798,077 - is the Length 
of the former, and 0,00029,08882, Fc. x 1795=0.52214,43345» 
54970,265090 ＋ the Length of the latter: Put each = A. 


'The 


O/Conſtructing the 
The Powers of A for o deg 5 min. 


100 


o. ooi 454441 04332860798077 


Natural Sines, 
The Powers of A for 299 557. 


AO 52214.43345.54970, 26509, 6 


deg. is the ſame as the dine of it's 8 


to 180 deg. 


= * + . + + 211539874551850971| A2 2726 6 8 
5 7203, 47001, 7852, 71522, 5 
„ ole + » 5 $9707 0870384175 A 4235,46) 1,97 274,64328,4 
3 ; * + 447491180523] A+ 7432, 96829, 745 15.2262, 
A? C x fy Pente AS , 3881,08228, 54410, 153755 
A ))) <0 Fe 60-'> 6 © 22 A® : 2026, 485 12,2846, 82134 
* 5 0001454441043 32860798077 - a „ . 
{ JJV 2 wy ; , 
150 5423/4 "RP ag ee ee 
A+; 35A*0.00145444104332866221823] A.. 150, 62799, 70636, 40 
IA —51278712114196 _ © +78, 294955, »52921,59 
EIN: ,00041,97 110, 
Sine o 5". 0 0014744405 305415 350762 3 ae a 5k 7 
ITA! 1.00000000000018645466105 = « « 11,19613,1269 
_ [ . . . —105769937425940480 we, 8 954599.5560 
—,ti. ä ii „„ JO £03239 
A „„ 
Co- ſine ©? 4 99999 394230081219524304 A. „ „„ $32n0480 
which i 18 the Sine of 899 55/7, and alſo of 9. A*?, . . 43453, 107 
$5 '; becauſe the Zine of a greater Arc than go] A?. , 22688,793 


11846,84 
. 6185,76 


The Powers of A for 290 555 divided by the bird a the Co-efficients of 


the two Series. 


Series for the Sine. 


0. 522443345 5497065096 
3234235 23786751280 
3628800 A? ( 5 $ 7949724864270 
6227020800) A**( . q. + 34434763 
35568742809, Kc. 1 45 


Affirm. Part . o. 5224677660285 16315460 
60A o. 0237257778662 12440546 
5040)A'( . . « « « 2099439937046834 


39916800) A. 7 19703371838 
13076743680 44705 


Negat. Part.—0.023727877325852 993923 
Sine 29” 55 .498739888702663 411537 


V 


E 


Series for the Co ſine. 


. ooOOOοοοοοοοοοοο 
24) A0. . . 3097070123938134276 
403200 A. 13 7026333608431 
4790016000 A 357337455 
292278988801“ . 1459 


Affir. Part 1. 003097207 15 1129077831 


2) A 5.1363 1735 3053926357612 
W A 842807 
362884 6 415090379915 
8717829 12000 A. 1 5 . 1284280 


an Part 0. 13634549909578564614 | 


Co ſine of 295 55 or the Sine of 600 O57. 


. 866751708055 343213217 


Out of which ſu tract the Sine of o o. . 001454440530541535076 
There remains the Sine of . 59 55, , . « « 865297207524801678141 
Out of the Sine of ., .. . . . 89 55 . . « , . 999998942300812195243 
1219 55 498739888702663411537 
There remains the Sine of.. 30 . 50125905 3598148783706 


Since theſe two Series converge 
and end of the Quadrant; 


the ſwifteſt next the beginning 


no more than the firſt and laſt thirty 


Degrees need be calculated for making a Table of Sines, becauſe the 
intermediates may be had from them by Subtraction only, as above, 
| TA 5 LES 


T ABLES for the more ready computing the Sines, &e by means of the Power of M; the Length 


Table 1. The Powers of (M) the Length of 
the Arc of 1m. viz. of 0:000290888, os. 


M- = 3437-7467707849392526078893 
o. ooo 2908882086657 2159615395 
6784615949940 52388707429 
6024613782102813833777464 
-(14)71598589843759141740070 
.(17)20827185542042824237546 
_ (21)60583826940479859293603 
.(24)17623120892830270901942 
.(28)51263580676148497 209095 
.(31)1491197115207553744734 

(35)43377165762767027 30969 


M 
Mo 
Mi 
M. 
M3 
M. 
Ms 


Ms 


M 7 
M8 
MI 
M2 


(38) 126179060457 273697238 
(42) 36704000867 54013 18839 


(45) 10676761063 22384037456 


(49)3 105743900033 10804620 
5 3903424279655 1227 26604 
56) 26279547037 3998561429 
60) 76444103622558 1513279 
(63) 22236688 3658227396957 
(67)6468 390445 39206886781 
0) 188157850961056798222 


ö 


— 


the Sine and Co. fine. 


o. ooo 2908882086657 2159615395 


7) 42307974970376 194353715 
(1104102297017 1356389629107 
4502983 2745768232975 25029 
(1901735598795 220235353125 


(24) 8414420408 39998045744 
(28)349665097079903092499 
.(32)1:7141817153140074427 
(37)410933949313148028950 
(41)119535840395632240161 
-(46)31610514985488239849 
«(51)7 0626050659413521550 
655) 7145857394958 180280 
(60) 35625 198 168980720354 
(65690863 33858240978 124 
(69) 125602499 37066067880 
74) 21491932968 158181761 
(79) 34731943788 173880406 
(84) 5 317427848431808 8000 
8907733885 307697755 1335 


„„ 


: of the Arc 1 m 


Table 2. The Product of the ſeveral 
| Pawwers of M by their reſpecti ve 
Co-efficients in the two Series for 


iN, ; 


Table 3. The Logarithms of 
Men, and of the ſeveral 
Products in Table 2. 


3˙5362738827928 158479613 
96 4637201172071841520387 
92.626422238750387 1088637 
88.613027 1012379088236073 
84.4746932271171305852186 
80.2 394493399382959324710 
75. 9250242068 1183645 20009 
71.5436522940047637733274 
67.1042884142200043397 249 
62.6137720219878636171735 
58.077498 139195047769 2023 
53 49983157 12440068805 008 
48. 884376442403 5662048 170 
44234159207 3039135876492 
39 55175728883 28597 1376²⁰ 
34 839392140984 3620237194 
39.0989982815356219949031 
25-332275477 3045322184016 
20.5407 290894684 103006365 
15 7237010057247054911389 


10.8883977272659084479039 


Table 4. The Logarithms of the 
Co-efficients of the two Series 
for the Sine and Co-fine,uwhich 
added to the Logarithms of the 
Powers make thoſe in Tab. 3. 


99.6989700043360188047863 
99. 2218787496163563674912 
98.6197887582883939770038 
97.9208187539523751722775 
97.1426675035087 315397087 
96.2975694035544747090505 
95 3944794705925311234153 
94-4402309671232002488252 
93.4402 36967 123206248825 2 
92. 39884428 196498 120807 50 
91.3196630359173563803525 
90.2057196836105196111400 
89 0595916479322815852201 

87.8835003888766003431388 
86 6793 80406220675 5622838 

8544893 14848 424016337436 
84.9365 8979739095 5639398 
82.914905 3787862666024035 


81.613875 383122285407 1898 


Note, The Logarithms of the Powers of M are had, by multiplying the Logarithm of M (found in Page 97.) 


by the Index of the Power; and the Logarithm of M***, by taking its arithmetical Complement, 


In 
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In the preceeding Tables are the Power of the Length of the Arc 
of im. and the Product of each when multiplied by (ie. divided by 
the Diviſor of) the reſpective Co- efficient belonging to each Term of 
both the Series for the Sine and .Co-fine; and alſo the Logarithms 
of thoſe Products, and Co- efficients, ſo that the Powers of the Num- 
ber of Minutes contain'd in any Arc, being multiplied reſpectively 
by thoſe Products, give the ſeveral Terms of the Sxries, for the Sine 
and Co- ſine. „„ = 

Theſe Tables (having a proper Title to each, and the Numbers 
in all belonging to each Power being in the ſame Line, with the 
Symbol of the Power prefix'd in Table 1) need no other explica- 
tion than that the Figures in the firſt and ſecond Tables encloſed 
thus () denote the Number of Cyphers, or decimal Places, that 
muſt precede the firſt Figure of the following Number 

The Uſe of the firſt Table was principally to compoſe the ſe- 
cond ; though the. Tangent, Co-tangent, Secant, and Co-ſecant of 
any Number of Minutes, may be eaſily made thereby from their 
proper Series; but the Sine and Co-fine moſt readily from the ſe- 
cond Table as expreſs'd above; wherefore J ſhall give an Example 
in making the Sine and Co-ſine of 44d. 37m. which being near 
45d. is as Jaborious as any that can be propos'd. 

Let 44d. 37m. = 2677m. =a; the Powers of à muſt be 
rais'd, which (ſince @ conſiſts only of four Figures) is done more ex- 
peditiouſly than the Powers of (A) the Length of the Arc can be; 
becauſe A muſt conſiſt of ſo many Places as are intended in the 
Sine ſought; yet here a due Account muſt be kept of the Number 
of Places every Power extends to, tho' no more Figures need be ex- 
preſs'd in any, than are requir'd The Powers of 2677 =a. 
in the Sine, fewer will ſuffice in ( 4) 7677 
moſt; the Reaſon is, e after CY 7 109309 
Multiplication with the reſpective e 
Numbers] viz. tho Which an- 5 h feet, , 
ſwer the ſame Power in the ſe- (21) 3680359 36608772629289 
cond Table, the Number of Cy- (24) 985232202301684328607 
phers preceding the firſt Figure *,_ 5 5 6 
of each Proautt may be rightly 4 (350 189953421977 494884 
determin'd. (38) 5059785 23 1060758 50% 5 

In the adjoining Table of the 4, (42) 135450450635 496505234 
Powers of 2677, the Number of 1 (45, e 
Places in each is expreſs'd by the 2 12 e ee eee, ee 

l * Sw 4 16 (52) 25985170322946117 
Figures before it, enclos'd in a 69562300954526755 
Parentheſis, as the Number of #,, (59) 186218279655268 
Cyphers to be prefix'd to each 
Power, was in the former two of 
the foregoing Tables, 


© © WW ©QO r w 8 „ 
— 
[V2] 
OC 
— 


S N OE DSS SS 8 d 


is (62) 498506334637 152 
2 (66) 13 3450145782366 
(59) 357 246040259393 


88S 8 S 8 8 
W 
— 
— 


eM rx —eA**? 6 8 


4 * 2 
e — 
N rr 


The Powers of (a) 2677 multiplied by the reſpectiv 
Ms, cM?, &c.) in Table 2, where 1, a, By" & 
der of the Series for the Sine and Co- ſine. 


_ efficients of the ſeveral Terms in or 
| For the Sine. 


MxaA = A= O 778707734598 1367 1290-2 


bM"xa5—bAS . 23861140387595092433 
dM9Xa9—dA? , , . 2901398309020122 
fM*'3Xa*'3==fA'3 , , . . . 62171025743 
hM DX 7=hA*7. » + 400219 
Affirm. Part 0.7810941387829503867559 
a MX aA. o/ 86995437855 323009621 
cMXa?—CcA?, . , 3445013 13664126849 
1599424 1686980 
. + 179522015 


gM"SXa'5 =gA'5 ... 


Tangents and Secants, 


03 
e Numbers (M, aM, aM*, /M+, bt 
&c. and 1, a', b', c', &c. are the Co- 


ö For the Co- fine. 

| 1,000000000000000000000@ 
b/M*xa*=brA*, 153209858637846816232z 
dM d- . . . 335332200911 84292 
f/M*' *Xa* *= f/A*? , 1037903309223 
WM" *Xa* *= hiAzs® * © & © © © ® 8737199 
KM ox o k/AF® . 28 
Affirm. Part . . I. 015 3243392905 450046974 
a! Ma ga AO. 303 19286796148 1062 50 
MX c / Ab.. . 309680909602 5457906 
&M* *Xa'®= &A"® . . 225934135 157362 
g'M*"*Xa"+— g'A'*, . . 3458075623 
! M* *Ga" iA „ 
Neg. Part.. —0. 30350257 1464842933 3269 


A conſiderable Part of the Labour both 


Co. ſine 4 370.7 1182 176782570207 13705 
in raiſing the Powers, and multiplying them 


by the Numbers in the ſecond Table in this Method, or by the Co-efficients of the two 
Series in the former, may be ſav'd, in working ty the Logarithms, for which the third 
and fourth Tables may be very ſerviceable, eſpecially when the Powers aſcend high, as in 


the preceding Example. 


Note, The Indices of the Logarithms in the third and fourth Tables, conſiſting of two 
Figures are of the ſame kind with thoſe of the Log. Sines, Tangents, &c. | 
The Po ers of A for 299 55' multiplied by (1, a, b, c, d, &c) the ſeveral Terms in order 
of the Series for the Tangent, Co-tangent, Secant, and Co- ſecant. 


| For the Tangent. 
62214433455 


5 . 
aA? a $*'.+ - 4745155573 
bAs 2 * „ 9, fe IVES. 517477038 
CHF 7. - 57104766] 
dA? „„ 6308902 
wn . . . 697090 
BAL. 553 i 
58 4 . £ . 8511 
Z 8 5 O 
% ⁵½8—— =_ 


. - Tang. 20" ͤ O - 4 $4040 


| For the Co-tangent 
Afirm Part 1A=* . . . 1.91517925949022z 
a4 . . . 1740481115183z 


bA3 , ..., . 3160343704883 
R. « S2310000703 
„„ . - 223940260 
4x os 
FA"  C- oo L 
JFF” EY 4702 
„0 ͤ » 
Neg Part. . . —17729599069861 


|Co-tang. 29% 55" . . . 1.7378$326879161 


For the Secant. 


1 [I. 
6 15485350620 
e Eo 1716883233 
c 189781471 
VVVVVVVVVVVVVVVVVV Jug, 
JJV 2317171 
T wa is, 250035 
$34 ö „ S201 
ft!!! 2 3126 
kA IAT mA TJ. 388 

1153732944170 


| For the Co-ſecant. 


1A . 1.91517925549022 

aA . . . 8702405575916 
baz. - . 276800741772 
CA*..... 7957245427 

dA7. „. + » 222290727 

„%% oe 6155014 
V 1790146 
A 3. 4700 

N CE ns 

Co ſecant 29 55 .. 2. 005053180327 59 
| Altho“ 


104 Of Conflrufting the Natural Sines, 


Although the Series for the Tangent and Secant converge ſo ſlowly, that except 
near the beginning of the Quadrant (where they are of excellent Uſe) it were better 
to make the Sine and Co-ſine firſt, and from thence deduce them by the Proportions 
given iu Page 106, yet the two Series for the Co-tangent and the Co-ſecant are of 


much quicker Diſpatch, as may be ſeen in the foregoing Examples. 

Note, The Verſed fine of any Arc is readily had from the Co- ſine; for if che Arc 
is leſs than go deg. then v=r—cs, and if above go deg. v—rc. 

b 0. I. 

| Fig. 1. The Sins of an Arc FR being given, to find it's Co-fine CR. 
CFg—FRg=CRg; therefore / CF FER? = CR, ie. V 55 
ISP PROP. IL 

The Sine of an Arc FR being given, to find EV the Sine of half the Arc. 

CR is found by the firſt, and conſequently ez ; then / FRg+ERg—FE, bat £ 

FE=EV ; therefore 1 y/55—wvv=s + Arc. 
FF © P. II. 


To find the Sines of the doub e, triple guadruple, quintuple, &c. of any Arc whoſe 


Sine is given. 


Let the Chords D g, 3y, yo, Cs, en be all equal, draw the Chords Dy, D, De 
Dun, ED, Eg, Ey, Ed, Ee, and En produced, dra» the Radius Cg, and make 
Dy, 4% = Do, De and BEB. EY, d cd, ee Es, ne=En 
then are the Triangles ECB. DBV, DyZ7, Dod, Den, Egà, Eyu, Edna, Ece, 
En, all Iſoſceles, and Equiangular. In the Triangles Egx, Ey the Angles Epa, - 

Eyy, are equal, the Angles EDp, Eg, being ſubtended by the ſame Diagonal Eg 
do both together make two Right Angles, ſo alſo do the Angles ED3, 3Da; 
therefore the Angles ES, GD are equal; but A, EY, and Dp=B3y by con- 
ſtruction, therefore the Triangles EyB, BaD are equal, conſequently Da =Ey ; in 
the ſame Manner may be prov'd gu=EY, $i Se=En; likewiſe ST=DB, ed — 
Dy, n«=D. Therefore (1) Cg: EB : : Dp: Dy, i, e. Radius: double the Co- ſine 
of an Arc : : the Chord of the Arc: the Chord of double the Arc (and halving the 
latter two Terms) : : the Sine of the Arc: : the Sine of twice the Arc; again (2) Cg: 
EB: : Dy: DC: : 1 Dy: 1 Ds, i. e. r: 2c Arc: : 52 Arc: „ Arch e Arc; 
(3) 5 : 79 5 90, Le.r : ꝛct Are: 13 Arc: ot Arc - 4 Arc (4) 
CB: ES: L Da, ie. : 2 cs Arc: : 54 Arc: s 3 Arcs 5 Arc. Again 
(5) Cg: EG: 24 Lal Z Ex, ie. T: 2 c Arc: : the Co-fine of = * : the Sum 
of the 1 and the 00 ſine of double the Arc; (6) Cp: Eg: Ey : 3 Ew, 
i.e. : 2cs Arc: : 2 Arc: cs Arc e, 3 Arc; (7) Cg: wp : £169: Ex, 1.e.r: 
2 c Arc: :c5s3 Are:cs2 Arc pcs 4 Arc; (8) CB: Eg: 4 Ep, Le. r. 
2 cs Arc: : 4 Arc:cs3 Arc cs 5, Arc; (9) Cg: EG : 2 1 E, ie. 
7: 2c Arc: :c Arc. cs Arc 6 Arc, &c. Ex. gr. Soppoſe DBS = g5. 
&c. be ʒ min. its Sine is o0 14544405 3305415 then Radius gi: 2cs gmin.=19999- 
978846016244 : : 5 min. -0014544405 30545 5 1omin — .0029085779843619 
(2) T: 2 cs 5 min. =, ), &c.: : 5 10 min, . 2508, &c. : 5 min. +5 45 min. 


=. 005 8177498152881, out of 1259 ſubtract 15 min. 00145, &c. there reſts 5 15 
= 


Phace thei te Fold out Acurę Page 19g. 30 2 


 Tangents and Secants, 105 


dy =.0043633092847466, Cc. again by (5th) r: 206 5 min, =1.9999- 
978846016244 : : £5 5 min.=.9999989423008122 : 1 -þcs wes. 
[=O 9999957692054862(6)7 : 2 £5 5 min. t. 9999978, Sc.: 
10 min. 9999957692054862 : c 55 min. --c 15 min. = 1. 9 
4230218467, ut of which ſubtract cs 5 min. 999998942, Sc. reſts 
cs 15m.=.9999904807207345 (7) Y: 25 5M. = 1.9999978, Sc. 

: cs 15m. = 9999904807207345: c 10M. + & 20m. = 1.999» 


97584 IGG out of which ſubtract cs iom. =999995769205- 


4862, reſts cs 20m. = .9999840768577442, Fc. By this laſt Me- 
thod after the firſt Co ſine 1s/obtain'd, the whole Work may be ac- 
compliſh'd; and it bas theſe Advantages, the two firſt Terms are 
invariable, tlie firſt being the Radius gi, Diviſion is w holly excluded; 

the ſecond being fix d, a ſmall Table of it's Products to 10 or 100, 
turns Multiplication inte Addition; from the fourth Term the (Sine 
if had, or) Co- ſine of ſuch an Arc muſt be ſubtracted, as is ſo much 
leſs than the Arc of the third Term, as the Arc of Which the (Sine or 


Co- fine ſought exceeds it; vis. ſu much as is the Diſtance of the 


firſt in that Rank from the beginning of the Table, 


PROP. IV. 


Having the Sines of the firſt or laſt 30 deg. of the Quadrant given, 
fo find thoſe of the Middle 30 deg. viz. of all between 30 deg. 
and 60 deg. . 


Make the Arc DL=30d. draw the Radius CL and perpendicular 
thereto, the Chord MG leſs than 60d. and e a greater than 120d. 
draw MP, e h parallel to CB, and SG, a h to CD, then in the Tri- 
angles MQG, a he, the Angles QMG, hea are =3cd. therefore 
drawing the Semicircles MQG, e ha,'tis manifelt the Lines Q, h a, 
being the Chords of 60d. are equal to the Radius MK or KG, and 
e gor ga. In the Triangle MQ, M7 (= 4 GK) Q MQ; 
but becauſe GK=QG, 36K SM, therefore GK x g@3=MQ, 
and YG (i. e. PQ.) + GK x VE M, that is, if to 3 Sine of an 
Arc leſs than 30d. the Sine of it's defect multiplied byy 3 (be added, 
the Sum will be the Sine of an Arc as much exceeding 3od. Thesine 


of 11d. . 1908089953 765645 multiplied by / 3 (1.7 32060807 - 


688773) produces 330490874533350, which added to the Sine of 
1 9d=.325568154457157 makes.646059028990507 the Sine of 41 
d. In the Triangle e h a, e ag (=4 e gg)—a hege hq; but becauſe eg 
Da h, 3 e gg=e hg, and eg x / He h=e k-th h; therefore e g/ 


—ek=kh=ra=rn, that 1 is, if the Sine of an Arc greater than 60d. be 


multi- 


Wal — k ᷑ 2 — — 
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multiplied by y 3, and out of the Product the Sine of an Are wanting 


fo much of god. be ſubtracted, the Remainder is the Sine of an Arc 

ſo much exceeding 3d. The Sine of 8 3d. . 992346151641322 
multiplied by / 3 (17320508, Sc. produces 1.7 19 140363499733, 
from which ſubtracting the Sine of 67d. . 9205048 53432440, 
there remains . 7986355 0047293 the Sine of 53d. 


PFROP.-V.; 


Having all the Sines under 60d. to find all the reſt by Addition only, 
or having all above 3od. to find the Sines of the firſt 30d. or hav- 
ing the Sines of the firft and laſk 30d. to find all the intermediate 
by Snbtraticn only. . 


In the Triangle MQG, MK=QG by 4th) therefore MMK 
SG, that is, if to the Sine of any Arc ZM leſs than 60d, the Sine 
of the defect KM be added, the Sum is the Sine of an Arc ſo much 
exceeding 60d. The Sine of 41d. = 65605902 1990507 ＋ Sine 
of 19d =325568r54457157, makes the Sine of 79d. = 816297- 
183447664. Alſo in the Triangle e h a, e g=a h therefore e g—e m 
(i. e. h p) = pa the Sine of the Arc B n, that is, from the Sine of an 
Arc exceeding 60d, ſubtract the Sine of the exceſs, and there will 
remain the Sine of an Arc wanting ſo much of 60d. The Sine of 
67d. = 920504853452440 — Sine of 7d. (121869343405148) 
= Sine of 53d. 798 535510047292. 

By a continual Biſection (by the 2d) the Sine of an Arc alittle leſs 
than 1 min. may be found, and from that ꝓy proportion theSine of im. 
But the Sine of im. may be obtain'd from the Length of it's Arc by 
the Series in the other Method with incomparab'y leſs Labour and 

greater exactnefs, from which (by the 3d) the Sines and Co- ſines of 

all Ares under 3od. being computed, the reſt are had (by the 5th) 
by SubtraCtion ; or having by the firſt 3od. made (by the 3d) all 
to Cod. may be got (by 4th) and all the reſt by Addition (by 5th ;) 
or the laſt god. being obtain'd (by 3d) the reſt above 30d. are 
made (by 4th) and the firſt 30d. by Subtraction (by 5th.) 


PROP. VE 


The Sines being made, the Tangents and Secants are thus obtain'd. 
The Triangles CFR, CWF, CEH, CBl are equiangular; then CR: 


RF: : CE: EH, ie. Co-ſine : Sine: : Radius: Tangent, and RF (= 


CW): CR (=WEF):': CB: BI, i. e. Sine: Co- ſine:: Radius: Co- 
tang, and CR : CF: : CE: CH, i. e. Co- ſine: Rad. : : Rad.: Secant, 
and CW 4CF: : CB : CI, z e. Sine. Rad: : { Rad.: — 


1 
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If the foregoing Operations for find the natural Sine, Co-ſine, &&c. 
by Sir [aac Newtor's Series, ſhould be thought too tedious, the 


following Approximation, tho' ſome what limitted in Point of ex- 


axctneſs, will be found ſufficient for calculating the Numbers of 
the common Trigonometrical Tables, true to fix cr ſeven Places of 


Figures, | 


The Verſed Sine of an Arch x to the Radius 1, is known 
to be ox reſed b „ af HM. 
ds T2 2.3.4 2.3-4:5.6 2.3.4 5.0.7-8 
ph Sc. then the Value thereof, will, by the Me- 
2.3.4.5.0.7.8.9.10, 
thods we have already given for approximating a propoſed Series 


4 


e | x* 15120 - 600x? 
be — Xx — : nearly, or — & — 2 — more 
N 60+ 2x* _ 2 15 120 660x*+ 1 3 xt 


Now from hence to find the Verſed-Sine of 5! or, by ſubtracting 


it from Radius, the Right Sine of 89 35“, we have x or the 
Length of the Arch of 5! equal to o. o0 14, 34441, Cc. whence 


nf —6.000010 12 I 60-—3x* 829 and „ ual 
T less ati.” 7. #4 _—_ 


to 0,00000103322448 the Verſed Sine of ;/,which being ſubtracted 
from the Radius 1, leaves o, 9999989667752 for the Co- ſine of 
50“, or the Right Sine of 89 557. If we had made ule of the ſe- 


4 15120 -- 600x*' 


3 x | 
cond Approximation — Xx we ſhould have 
b 2 


15120 6G 3 


obtained 0.999998942 3008122 for the Sine of 89 55! differing _ 


from that found by Sir Jſaac Newton's Series, only by an Unit in 
the fifteenth Figure, * 
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the Ratio of the Diameter to the Circumference: This Archimedes 


of this Problem. From amongſt thoſe which perform it with the 


L 
Eafy METHODS 3 


QUADRATURE 


OF THE 


== c LE 


ANY have been the Attempts in all Ages to exhibit a Square 
equal to the Area of a Circle, or which is all one, to find 


near two Thouſand Years ſince ſhew'd to be nearly as 7 to 22; and 
conſequently the Area to the circumſcrib'd Square as 11 to 14, con- 
renting himſelf in ſmall and integer Numbers; though his Method 
was capable of extreme Exactneſs, as has been ſince made appear by 
the moſt elaborate calculus of Ludolf Van Ceulen. This Gentleman 
by the continual Biſection of an Arc perform'd by Extraction of the 
Square- Root (analogous to Mr. Briggs Method for making the firſt 
Logarithm) carried his Work ſo far as to aſſure us, that the Diameter 
being 1, the Circumference was 3. 1415, 9265,3589,7932,3840, 2643, 
3832,7950,288-1-, the laſt Figure being not an Unit leſs than the 
truth. And this was look'd upon as ſo valuable a Performance, that 
it was Engraven on his Tomb Stone to perpetuate the Memory 
thereof, However, it might be queſtion'd, whether it was really 5 
exact, unleſs by him that had taken the Pains to examine it throu 
out; and moſt lovers of theſe Matters have choſen rather to alk i 
upon Credit, than give themſelves that Trouble. 

Now fince his Time, as there have been many abortive Eſſays to- 
wards a perfect Quadrature, by thoſe that knew not enough to ſee 
the impoſſibility thereof; ſo very much have been done towards faci- 
litating the Calculus by Methods far differing from that of Archimedes; 
and particularly the Doctrine of Fluxions, and of infinite Series, 
both invented by the moſt illuſtrious Sir I/aac Newton, and properly 
called, The Geometry of Curve Lines, doth afford us many ſolutions 


leaſt Work, we have ſelected ſuch as follow. 


1% * 


The 


ks 25 


Eafy Methods fer the : | 409 
The Quadrature of the Circle from / IZ. 


Let C be the Copter of a Circle, CR the Radius, which ſuppoſe 
=1, AR any Arc = x, RT it's Tan- 


| entzzt, and C AT it's Secant; draw 
A 6 a P indefinitely near to C A T. and 

i the Line T P will repreſent the Fluxion 
of the Tangent g, and A a the cor- 
reſpondent of the Fluxion of the Arc 


R= from the Center C, with CP 
Radius, deſcribe the infinitely little Are 


PU. Now by Similar Triangles we have TP : UP: : CT : CR, 


and again UP : Aa : : CT : CR (CA) wherefore multiplying the 
Terms of theſe Proportions we have TP x UP : UP x Aa: {CT 


xCT:CRxCR, that as TP: Aa: : CT* : CR> : or: xt: 
1+: 1, whence * . Ter therefore by Diviſan = into 
eee Ec. See the Proceſs. 
a 14 1 (1tP6—H48—P, Ge. 7 
1 


mY 


—j 174 


1+ +7 
" 31 
— . — 
nom 
#5 L 
0 | 
#* On £32 


\ N Sc. c. Ec. 


Conſequently a=t— 42 PETTY it 14+ t, Cc. find the Fluent of 


3 5 
each Side the Equation we have x=i— K + = . IS c. 


qu Ma 5 Length of the Arc RA. Now if? if we 3 this Arc 
ges, then it's Tangent is. manifeſtly equal to You or 


2 9 the Sine of 30 Degrees is , viz. half the Chord of 60 
egrees,which i is | equal to the Radius, therefore the Co · ſine is equal 
0 =; = = 4/3, but at the Co- ſine of any Arc is to it's Sine, fo 


7 
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is the Radius, to the Tangent thereof, that is / : 1:1. %, 
I J I I 


— — — 


| I 5 3 25 | LE 


W 1.9 = Se. and fix Times this muſt be the Length of 
1 1% 243y 3 | f | A 
the Semicircumference z therefore put 64/3 = e B 
c, b, Ke. Then half the Circumference will be 
„„ | OR 8 
expreſſed by A, — B\-C-D+E—F-+G —H--I—K+L, &c. or 
A+C+E+G-+I-|-L, &c. Minus B+ D-F+HÞ+K+M, &c: 


See the Proceſs. Ry 
A AE. . 32464101615 A =B= - - - - 384900179 
ES == - - - 76980036 50 „ , 
5. | | | ——<D: „ {0 8 28 80 
154 21 | a TO 
G =- - - - - 465527 &., F=-- 1295960 
l =- - 31058 H = - - - - - - 105597 
„ - 2794 | K= FFT 9263 
=--- - - = - 261 — -c- -- - 850 
PA -- = - 45 G <-> » 80 
R ?⸗2Aa - 2 — G22 8 
. &c BC; &c 


Ter ET 3-546233172 BED; FH 404640517 
B- DTF-FH = 40464017 * 8 
3141592055 


The latter being taken from the former, leaves 3. 141 592655 
for the Length of half the Circumference of a Circle whoſe Radius 
is unity : Therefore the Diameter of any Circle is to it's Circumference 
245 1 1s to 2.141592655 nearly, 

This Work (being to be performed in a few Hours Time) | 
ſufficient to exhibit the Circumference from the Diameter given fo 
truly, as not to err the Breadth of a Grain of Sand in a Globe as 
large as the Earth ; and the Compendium of this Method (which 
in effect is the ſame with that given by Doctor alley) the Doctor 
informs us, tempted the incomparable Mr. Sharp to continue this 
to double the Places of Ludolf's Van Ceulen, aſter. he had done the 
ſame, by a double Computation to 24 Places from different Series, 
viz. from the Sines and Co- ſines of 6, and of 12 Degrees; which is 
ſufficient to give the Number of Grains of Sand that may be com- 
dan Of £7 7h 399 pPrehended 
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prehended within the Sphere of the fixed Stars, if the Diameter was 
12000 X 5280 X 8000 X 100000 X 100000; for then the Number 


of Grains would conſiſt but of 65 Places: So that by his Numbers 


you have the Dimenſio Circuli, and the Arenarius of Archimedes both 
in one. 5 % HE hos $3 
| Hence it appears that Ludolf's Number is ſufficient true for all 
future Squares of the Circle to Square their Work by. 
There are various other Ways of finding the Circumference of 
a Circle, particularly one given by Mr. Machin, and publiſhed in 


Fones's Synop/is Palmariorum, where it is ſhewn that the Diameter of 


a Circle being 1, the Circumference will be 1 0 _ 1 — 
- ai 3 | 5 3699.7 I0P 


* I gs. &c. a few Terms of this Series will exhibit 


5 — I — 7 

239 „ 6 
the ſame Number we found above. Put by the following Method 
the Work may be much abbreviated; for after any Number of 


3 i 0 1 ; | 
Terms of the above Series, viz: fin 42 &c. is found, 


| | | 3 | 
if you put z, the Index of 7 in the laſt of them, which we will call 


2x I 72 
T, then the Sum of the remaining Terms ſhall be ee = 
n 2 X 1-1-7? 


2772 | 2.36 1 7 2 * DE eb | 2 ** 4 FH = 


— 


fon — n 


nA IE FEN TT IFF I 2 
-|-, &c. Where it muſt be obſerved that the Sine of T7 is ever 
contrary to that of T. the Terms T, T/, T“, 1“, &c. ſucceeding 


in Order; thus in the preceeding Example, the Sum of the firſt fix | 


GE 73 #5 7 79 11 1 
x 9 9 


5 1 
3.141308786; and here » = 11, and the ſixth Term is — 
012059 f T; hence we get— : . =T'=,000274145 
1FNANE? 0 | 
/ ” 
r. _ . 
2 | bets 
68 . — a 537 # 
n AY 
SIE 8 
4 2T 3 N 0 
84 


Their Sum & ,00028 $867 
| : * 


10 


m__ 


— TOR HG 
C ew + 


| 
: 
: 
* 
N 


. r Þ 
— — — —⅛ 4. A 
3 P 5: mt; ͤk . el nn nn n 
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To which the firſt ſix Terms being added, viz. 3.141 308786, 


we have for the Semicircumference 3.1414592653, the ſame as was 


found by taking 17 Terms of the original Series; whereas by this 
Approximation we had but 11, and if more initial Terms had been 


collected, we had ſtill obtained the Sum of the remaining ones by 


a leſs Number of theſe in Proportion. 


Hence if D be the Diameter of any Circle, and p=,78 54; then 
ſince 1: 3,1416 (=4p): : D: 4pD the Circumference of the 


Circle whoſe Diameter is D, and therefore 4 i p Da is the 


Area thereof. 1 1 717 
Whence we have the following Rule to Meaſure any Circle whoſe 


Diameter is given. Multiply the Square of the Diameter by, 7854 


and the Product is nearly the Area thereof. | : 
If C be the Circumference of any Circle, then ſince 3. 14162 
; 3: 
1 — the Diameter thereof; cherefore— 55 755 
is the Area thereof, which gives this Rule for meaſuring any Circle 
whoſe Circumference is given. „ I 
Divide the Square of the Circumference by 12.5664, and the 
the Quotient is (nearly) the Area thereof. | 


The Quadrature of the Circle from the Tangent of 18 Degrees. 
It is demonſtrated by the Writers upon Trigonometry, that if T 
be put for the Tangent of any given Angle, A to the Radius 1, the 
| FD . 
Tangent of double that Angle, or Tang: 2 A = TF 


„„ ien 
r —"1—10T* +;T4 
We Sc. 


Whence the Law of continuation becomes manifeſt, and univerſ- 
ally the Tangent of any Multiplier (z) of A, or the Tangent of 


aT—1 x AIR 2X AKI n- nN AI g. 
= . . 


5 1 N 2 K 3 IxX 2X ZX 4X 5 

14 — og — — en 1 
u n—1 x1? — . 13 FP 
"TT 1%2 | X 2 * 3X4 . 


Now 
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Now if T repreſents the Tangent of 18 Degrees, and we take 
n = 5, the Tangent of n A, or 5 * 18 Degrees, (90 Degrees) 
will become 5 N which being infinitely great, the 
D 1101. +5T#, muſt be equal to nothing, conſe- 
quently 5T4—10T*=— 1. and T* — 2T* =—}, whence by com- 
pleating the Square and proper Reduction, we get T =\/j—2v7 
=32498 Is. TRIPS now the Series at Page 109, viz, 


f — Le” be e e - „ Ge the Length of an Are, whoſe Radius i is 


Une and W , and collecting the Terms A, B, C, D, E r ge ä 
as at Page 1105 we have A = ,324919696232906326, 8 
ann 2. 5 

. 4484787164543 : 


« « 294946830 | 
> ©.» » 2001200 8 


— PO 


7 
0011489236 -27214440 


314159265358976757 


AC EA. Se. 
FETTE. E 


3 
8 
: 


B = . .,01143422834358732 
D=.. . . 5461780339042 
RK. « - 07 395092710 
ME ˖ 46-0 316628000 
VV 2786064 
MS » » 25651 
= eee. 6 © won 243 
Woo en 2 


B.- DF , 01148923672721444 


The latter being taken from the former Leaves 3141 59265 25- 
8976757, for the Length of the Arc of 18 Degrees, which being 
multiplied by 10, gives 3.141592605358976757 tor the Length 
of half the Circumference of a Circle a Diameter is po | 


The Sum of the preceding Series mY . — Ge. we 


have ſhewn at Page 83 to be. 70 1X 2 = which by taking 12 


32492 becomes 3141 5946, and being multiplied by{10 gives 
< Y. - 3. 


. « 34605501607 => 


= 1 Quadrature of the Circie. 


31415946 for the Length of the Semicircle whoſe Radius is 1, 
agreeing exactly with the former in the firſt ſix Places of Figures. 


7 


The Quadrature of the Circle from the Tangent of 15 Degrees. 5 
Here becauſe the propoſed Arc or Angle is 3 of 45 Degrees, 3 
whoſe Tangent is well known to be the Radius of the Circle, we 
muſt, in the foregoing Series for the Tangent of the multiple of an 
Angle, ſubſtitute 15 for A, and 3 for u, whence we ger the Tangent A 


| | | Fats 

of 3 X 150r 45Deg. T 

quently 1—3T+ T3—3T?=0, which reduced gives T=2 = . 4 

But to avoid the Solutjon of this Cubic Equation, take »=2; A 
2 L 

I 12885 12 


which is khown to be equal to 7 therefore T*+24/3 x T=1, 


=1, 3T—T3=1—3T?, and conſe- 4 


as before, then the Tangent of 2 A or 30 Degrees will be 


whence T. by compleating the Square, &c. becomes = 2 — 732 
267949 2 very near, and by taking a ſufficient Number of Terms 
| 5 } . | 0 

of the foregoing Series * 1 & c. or ſubſtituting 


| | 7 
,2679492 fort in the pproximation 7 x = += we bave ,201 7994 
for the Length of the Arc of 15 Degrees, which being multiplied 
by 12, becomes 3.1415928-tfor the Length of the whole Semi- 
circle. | | 


22 4 LY $ 

In the Series — — at * Kc. = 
3.4. 2.3.8.6 2.34. 5.6.7.8 

y (expreſſing the relation between the verſed Sine (y) and the Aro 

(z) of a Circle, whoſe Radius is Unity) if we put z*—x, it will 

l | 

n : , &c, = 3, and conſequently uſing the 


2 2345.0 4 
Approximation given at Page 84, viz. x = 2 5 


4 muſt be 8 bc. and by ſubſtituting theſe Values in thoſe 


: 2 
ef P, Q, & c. (and D will become known, and x( = 2?) = 

378 2 L r 37, In this Equation : 
30 + 1. 2 i 2 . 

if for y we put the verſed Sine of 15% equal to 1 - - we 5 

ſhall have x , 685389019357 174544, whoſe Squarc Root . 2617. 1 

99388, is the Length of an Arc of 15 Degrees, which multiplied 4 

dy 12 gives 3. 141592656 tor the Length of the Semicircle. 


The 
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The Quadrature of the Circle by equidiſtant Ordinates. 


Suppoſing AQ to be a Quadrant of a Circle, whoſe Radius A 
is 8, and Aa, Bh, Ce, Dd, Ee five Ordinates 1 
thereto, whoſe common Diſtance Ah is 4 & _& 
Unity; to find the Area Aa ce EA. T1] + 


0 
\ || 
FX 1 
7.4162, Ee =/ 48 = 6.9282, we ſhall 
have by the Approximation given at | 
Page 88, e 51 | 
4.x Bb + Dd 2 Cc + Aa Ee x Q A ED UCaSN 


3 30, 6113 from the Area ſought, from whence the Area 


Here, by the property of the Curve, 
A a being S 8, Bb, = 03=7.93725» 
Ce Vb g= 5.74596, Dd=4/55 = 


—— — 


of the whole Quadrant may be eaſily found; for, taking 13.8564 
(=E ex + AE) the Area of the Triangle A e E, from 30.6113 
there remains 16,7549 for the Area of the Sector A a e A, the 
treble whereof, ſince AE = EQ, will be the Area of the whole 
Quadrant, which therefore 1s to it's circumſcribing Square, as 
0.78538, Sc. to 1 nearly. | 5 


Let it be required to {quare the Curve, whoſe Equation is 
: I " 2 


this (by what has been ſhewn in Page 109,) 1s equivalent to the 


circular Arc, whoſe Radius is 1, and Tangent z; let the Arc be 45 
Degrees, then ? = 1, which now ſuppoſe divided into fix equa +. 


5 


Parts, and we ſhall have theſe ſeven equidiſtant Ordinates * 


I [ 444 I 1 7 36 36 36 


, :,; — UU I os 
1+; 1% Tie 1434 IT 1449 .. 87 4 
36 36 36 


57 br os And hence by the Rule againſt the Ordinates in the 
Table at Page 74, this Proceſs, Þ 
= A=61.5 
AS 1421.6 | n 
3 6B = 337.63759 
1 ; 21 2 
r 1.63137 1 | 
= and J 27 C = 42.992316 
= —+F=—-= 1.192308 „ 
* 274 D'= $47.6-- 


DS 8 —=08 — 
1 745 | 


Sum = - 659 729908 
| AS 


1 . 


- 
- 
0 
. . ]%ͤ RO Hy C / rr 2 
ke er. 
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To the ſeveral Approximations we have already given for the 
Quadrature of the Circle, we ſhall add the following uſeful Me- 
thod, whereby to determine a Vulgar Fraction nearly equal in value 
to any Decimal one propoſed. 


a 
Let ED 


the loweſt Numbers, equal nearly to the firſt Figures of the given 
Decimal, the one of them greater, and the other leſs, than the ſaid 


and —— be aſſumed to denote two Vulgar Fractions, in 


Decimal : Moreover, ſuppoling - to be the neareſt Value of the 


two, and the given Quantity (or Decimal) to be denoted by 7; let 


a ＋ c * 7 © 8 
714 Whenee x will be had = rams 


DEF Sf [ | 
+ 7 Let this Value of * be found in the neareſt whole 
Numbers, by means whereof the Value of the Fraction 1 — 
(which is a firſt Approximation to the Value 3) will be given: 
And, if with the Fraction thus determined, and one of the two 


there be aſſumed 


4 
Value of * will be had from the very Equation above exhibited, 
and from thence a ſecond Approximation or Value of the aſſumed 


Fraction _ Whence the Operation (if neceſſary) may be 


again repeated, till you arrive to any Degree of exactneſs required. 

Example. Let it be required to Approximate 3.141 5926, which 

expreſſes the pinphery of a Circle whoſe Diameter is Unity. | 
4 4 5 A 

Here s will be = and ==: Therefore, by writing 4, T, 

3,1, and 3.1415926, in the room of a, b, c, d, and q reſpectively, 


3 a 8 | 

the Value of x (= 8 -L) is found = 4 ——— —.— 6 

47 — 3.1415926—3 14 

nh — 1 — ==; for a firſt 
| rar 14 382 7F-- 

Approximation, being the Archimedian Proportion. Again, by 

raking — = =, and — = 51 and ſubſtituting as before, we get 

1 2 hd =—2 16 nearly. Whence we have 

44 — 7X 3.14159—22 | 

ST EN 3-+353 __ 355 

b+ dx i1i+i12 133 

with that of Metius; which converted to a Decimal, errs only in 

the -th Place. 5 : 


3 a 6 | 1 785 | 
preceding ones (+ or = the Operation be repeated, 4 new 


nearly. Whence we have 


for a ſecond Approximation, agreeing 


The Proportional Parts not inſerted in the fo 


llowing Table. 
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E 


245 
244 
244 
243 
241 
241 


239 
239 
237 
237 
235 


280 
279 
278 
278 
276 
— 


274 
273 
271 
270 
269 
268 
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their Log. with Indices. N.] Log. N. Log. 

1 o. ooοοοοο 1.707 5702þ}100,0000000[1150 1760913 | 

20 3010300 52. 716003301] 43214 151] 89769 
39.771213 1724275902 86002 [15218184360 02 

40. 620600 541. 73239380[ 0301283720153 46914 

510.6989700] | 551174936271 [124] _72333] . 

60. 77815130 561.7481880 105% 11893 155119033170 12 
-710.8450986|| 57[1.7558749[[105] 53059 156] 31246 
 $0:9930900 1. 763428017 93838] [157] 59997 

9,0. 95424250] 5911-7708520][1080334238] [158] 80571 
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241.3802112 1.86923 17/123 9905 1073 80461 
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26,1.41497 33 ie 125 "69100 14 30380 
2714313638 1.886497 126 1003705||r76] 55127 
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36]1.5563025) 19344985 135/3033388] 71717 

371.5582017 871.9395 1930/1360 3538986 95129 

380157978360 881.9444827 [137] 67206] $187[2718446 
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41|1-0127839 I .9590414[1140| 61280| [190] 87536 $802112 
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31 $5423|5609|5795|5982[0168[ [6354|6540(6727]6913]7099] f[1—19 
32 72851[7472|7658[7844/8030 82168403 85898775 89601] [2—37 
33 9147 9333195 2097069892 [0078 026410450,0636j0822|, g5l3—56 
344368 1008[1195 1381/1567 1753 19392125 231 112497 2683 4—74 
3 28693055 32413427 361303799 3985417435654 [5—93 
38 52 —— 5472 5658 5844030 621516401 6 
37] 658767730959 714517339 {7516 17 70317688 Sor gage. 17-130 
38] 8445863188170 188 9374 95599745 9931p 16] 8-149 
391369 0302[0488;0674 0859 1045 1230ʃ1416(16 02 1787] 973] [9-107 
2340] 2159 234412530 271529010 [3086|3272 3458 3643 3829 
41] 40142004385 4571 475649425 127 57635455 5683 [1—18 
42 5869 606 46240fõ 4250661106796 6981 716 71735217537 2—37 
43 7723790880948 27908464 [86508835909 3—55 
44] 9575761994701 320317 og O88 873.1058 1243] 4—74 
451370 1428016141799 1984/ 16923542539 2725291003095 33 
46] 328913465[3650/3835|4020| [4206/4391145761476114946}, g,12-111 
7; $13115316|5501[5686[5871] [6056[6241]6426,661 116796] [7-129 
48] 6981 5 5 753677210 790608091 927508460 8645 8-148 
49] 883o[go15[9200[9385|9570|[97541993910224/0309Þ0494|_ [9-155] 
Noe Til2]3[4ls[61708[9 [DiPro] 


N. 23500 L. 371 


Neo 1 2 314 N, 6678/9 [D'Pts. | 
2350 371 — 080311048 123311418 1602[1787]1972[2157}2342z] | 185 
51 2526027 1189603080 3265 34500363438 19400404188 1—18 
52] 43734558474 % 2751125296548 166508506035 |2—37 
53] 621964046588 6773 6957 [714217327175 111769617880] [3—55 
54 3065/8249 84348618 8802 [8987917 119356[9540/9725] [4—74 
55 9999;0093{0278 0462 0647 0831 1015{1200[1384|1568] [5—92] 
561372 1753/1937|2121/2306 2490] [2674]2859/3043/3227/3412] 5-111 
57 359013789,3964(4149'4333| [4517]4791{4885|5070[5254| . [7-129 
56% 6438562580659 175 [635916543/6727|6911[70g5] [8-148 
59 727917463 7648 7832 80160[82000838408 5688875 2 8936 184455 
2360] 912093049488 9672 9856 [oo4o[0224/0408{0592/0776] | 184 
61137 3 0960ʃ1 1441328 1512 1696/1879 2063/2 247243102615 I—18 
62 2799983 3167 3390 3534/3718039 408644453 [2—37 
63] 4637 48215005189 5372555674059 24% 107290 [3—55 
64 642756658 6842 7026 7209 2393 7577 25294481280 [4—74 
65] 831118495 867918862 9045 922994139597 97 8009 [592 
563741470331 05 14.0698 0882 [1065]1 24911432/1616|[1799] (E110 
67 19832166 234925337 162900 ;z08332670345003634 Wi. 
68] 381714000 4184 4397] 4559] [4734/4917]5 10102845467 747 
69 5651 5834 6017/0200 6384 6567667 50069347117 7300 9-166| 
2370 7483/7667 78508033082 16 [84000858 3876689499 132 | 183 
7 93169499 96829865 O23 1041400597078 1ſ964]4 1—18 
1 3751 14711330, 1513 1696 18791 2062 2245 2428 2611 27941183 2=— 37 
73] 297713160,3343 35267, [3292[4075/4252[4441[4624] *[3-—55 
74. 489749295173 535615539 [5722[5905[6087]6270[0453] [473 
75] 6636;6819, ,7 002 7185 7367 75507733 7916809908282 tm 
76] 84648647 8830 90 13919593789 56 1974409260109 "x 
| 77;37602920474/0657 0940/1023] [1205 1383115711175 312930 "pb 
78 211802301 2484, 2606 2849: 30320321433 9735793762 3 
79) 39444127 430944924675 |4857|5040[5222[5405|5587]* [2295 
2380] $57709j5952(6135i6317/6499 66821686 4/7047 72297412 182 
81 7594777679598 14108323 [8500 8683 887 1005 309023 5 1—18 
82] 941896009782 99640147 0329005 110694 08761058 2—36 
831377 12400142301605 17871969 [2152 2334/25 160269802880 3235 
84] 3062032453427 3609791 [3973/4155[4337[4520[4702] [473 
85] 488450661524815430/5612| [5794/5976|6158 6340[6522[18215—9! 
86] 670468867068 72504327614 7796797 808 1608342 6-109 
7385 24870608888 90% 25 294349616 979809979 0161 222 
88878 0343105251070710889/1071] [12521434 1616]1798|1980] 8-13 
89 2161343525707 2889 3070252 343436160797 [9-194 
2390] 39794161342 452447064887 5069 52516432614 181 
gi] 5796977159341 22 67046885 70672497430 f1—18 
92 7612779379758 156083380 [85 19 8701088829064 9245 2—36 
93] 9427/960819790,997 110153] [0334{0516|c697j0879j1060] 3—54 
941379 1241114231604 17861967 [21482330025 1102692 2874 4—72 
95] 3955[3236[3418[359913780] [396214143/4324/450514687] [392 
g6] 4868[5049]523115412(5593| [577415956(013710318[6499] [2-199] 
97] 6680[6861[7043 722417495 7586776779488 13008311 2 
980 8492867 38854 0352169397 957897 5940012110145 
99380 o;02ſo48 306640845 1026012071388 1569175001931 —— 
Ne[ o 123145 6 78D Pro 


N. 24000 L. 380 


0 wy | FRA; TT ” 7 
N12 24 ZD FPts. 
240003802112 22932474265 52836030173 1980337953560 374101810 181 
| 1 3922/410214283/4464/4645| 1482615007|5188/5368|5549] —18 
| o $573915911160921627216453] 16034;6815]6995|7170,7357] [2—36]- 
03 7538771878998 8080082610 [844 11]8622]8803]8983'9164 3—54 
o4| 9345'952519706;9886[0067| 248 0428 06⁰ð 0790/0970] 472 
051381 11511133 1[1512|1692|187 3] [2054j2234|2415[2595 2776 5 90 
ob] 2956431371331713498/3678] [3859{4039/4219]4400{4580] (5-109 
o7] 476104941 12205 3020548256635 84360246204 63844 7127 
f | o8| - 6565167451692517106}7 286] [7 466i17647]7827 80078188 2 8145 
j | 09 8368085488728 8909/9089 926994499630 28109990 9-163 
| 24101382 0170035 1053 10% 1108910071121 14321612792 | | 
| 11 | 19721215212332 251212692 28731305 31323313413 3593 
| 124 3773139531413314313;4493 4973/4853 90336213 53930180 | 
| 133 $557315753159331611 36293] [6473665 306833 7013719333 : 
| ; 144 73731755217732{791218092| [82721845 2|8632]8812|8991] 180 
| 15 9171935105317 1100891 [0070;0250l0430j0610,0789] 
| h 161383 096911149]1329[1508|[1688] 1868020482227 2407 2587 3—54 
I! | 17] 276012946131261330513485|13665138451402414204 4383] 72 
| 18] 4503147421492215 19215281] 1546115640]5820159996179] 5—90 
19]___ 635916538167181689717077]|[725917436170151779517974] 16-108 
F 24200 81548333 85 12086928887 10905 1923094109589 9768] 7-126 
| 21] 99481270 0704860665084 102412031383 1562] 8-144 
220384 17410192 1010002792458 [2638 2817299663 17603355] 9-162 
23 3534371303893 4072425 1443004609047 8949685 147 —ç 
244 53265 50556845 8646043 [6222640 1065 80067596938 
1 —— — e e 
25] 711717296174751705517834 8192183711855018729] 
26 8908;9087192661944519624| {9803/9982/0161j0340.0519]179 
271385 0098[0877j1056[1234[1413] [1592]1771]1950[2129 2308 179] 
23] 248712666|12844[3023[3202] j338113560[37 39039174096 lt 
| 29]__ 427514454/46331481 114990] [510915 348[5 5261570515884] j2—36| * 
2430] $926316241164201659915777] [9959713517 314/749217671] [354 
| 31] 7850802808208 3858564 [8743[3921[910019278[9457 4—72 
32 90636098 149993017 100350 [0528fo707[0885[t064|1242Þ |3—99 
330386 14211159911778[1956[2135| [2313[2492]2670[2349]3027 6-107] 
34]___32961338435621374113919] [4998}4276]445 41463314811] 2 
35] 499061685 3465 25570588 16006238 641655944 1434 
1 36 67731695 117 129% 39817486] / 664 8420802 108 19908377 eee 
37] 85550873389 129090068 9624802998 100159 | 
380387033705 150693087 11049 [1227}1406[1584[1762|1940] | 
39]___211812256;24741265 212330] [3908[3186[336413542137 201g] 
2440] 39981407614254144 32/4610] [4783[4966]5 1441532215500] | 178 
41]' 5678058 56603462 1106389 6567674569237 1017279 [1-18 
42] 7457%/634% 81279168 3465 238701088797 [2—36 
43] 923519412/9590[9768[9946]| [0123j0301104791065719334] [3—53 
441388 1012]1190{1367[1545]1723] [1900[2078[2256[2433þ2011 4—71 
45] 27899663 144332 1034993677 385444032 42094387 my 
46] 456514742/49201509715275] 545 2563058075985 162 6107 
47] 55340055 1766587 049 [7227;7494175821775917937] 15 
48 81140829 108469 08646088 240019178 93569533 97100 48-142 
49] . 9388[006510242[0420[0597] [9774j09521129]130011483] | 19-160 


12124 567890 LD Pro. 


— 


2 

O 

pr, 
ID) 


GY 

+ 

AY 
N 


” 
2 * ” Arte 


8 7 Ms 5 * * 
= A 0s, ' > . 3 
ee << RI, 8 . 
SFP 


N. 24500 E. 389 


N 5 7 * 1 7 8 
en AS ene, ASSES 
8 8. Tots ge nk 
Ent Fred a ERS 


Nel o |1][2[3]4||5|6|7[85 | 9 |D[Pts. 
24500389 1661[1838|2015]2193]2370||2547|2724[290113079]3256 177 
51] 3433136101378713905141421[4319/44901407 31485015027] [1—18 
52] $520515382]5559|5735[5913][0090(626710444[062110798] |2—35 
53 6597515273297 5067684[786108 038882158 39208569177] 3z—53 
54 87468922 909992769453 963090807 984016133880 4—71 
5539005 1500692 0869 .1045122201399 1576175301930 10) 88 
56 2284246002637 28 144299103 1680334435 210369803875 6-106 
57] 405 24228440545 8247584935112 289546556642 [7-124 
580 $581915995[61721634916525||6702(6879]7055]723217409] 8-142 
590 758517762[7938[8115|8292][8468|8645[88211[8998[9174| 2-182 
2460 935 1095 2897049088 1005723404 10587/6309 
611391 1116j129311469[1645[1822]|1998[2175]2351[2528[2704 
62 288013957 323303416035860[37620 3940041154291 4468 | 
63] 46444820[49971517315349|[5526]5702[5878[605410231] | 176 
64 _ 6407j6583]075910936]7112]17288]7464176411781717993] [1—18 
65] 816918345[8521]8698/8874|[905019220194021957819755] [2—35 
66] 9931[0107[0283[0459[0635||o811j0987]1163j1339]1515 1763 —53 
671392 1691018670432 192396257 2274829243099 3275 470 
58] 3452136271380313979[4155][433114507[4083]4859]5935] 688 
69 521153875 563573805914 [6096266644266 180679044 6-106 
2470] 6970% 145% 3217497% 73/848 80 4082008376552 7123 
71] 8727|8903[907919255[9430][960619782]995 7101330309] (8-145 
721393 0485 o660[0836[1012[1187|1363]1539]1714|1890[2065 9-158 
73] 224112417 2592768943 311913295[3470 3646[3821 
2432224172 43484723529 [4874|5059|5225]549115570 
75] 575215927 0103162780454] |002916805|6980[7 1551733! | 
760 7506/7682 785718033[82081[838318559]87 3489098510 [—— 
Why >. 92609435 961109786 9901] 0137[0312/0487]0662[0838 175 
78394 1013 1188/1303 I539/1714||1889|2064\2240[2415|2590 en 
79] 227652940 3116(329113466|[3641[3816[39911416714342Þ 35 
24% 51568865417 [5392]5567/57421591710993|175]2 35 
81 626886443 6618667936968 / 14373 187493/76687843 + 4 | 
82 8018[8193|8368[85 4318718] [8893[9067]9242[941719592 2s 7 
83 97670942 O17 92467 642 o8 160099 10116601341 Ae 
841395 1516[169111866|2040[2215] [2390[2565|2740]291413089 3 
83264439 36133788 3953 413803 12 44875624836 96-157 
86 5011 528615 361 5535 57106/5885 60596234 6409065 83 — 
87 657586932 107% 2827456763 1% 805798088 15508329 
83] 850486678 88539027 9202937655 197259000074 
891396 024910423[0598[0772:0947] [1121 12961470 164501819 
2490 1993216802342 5 17 269128653040 3214338903563 174 
910  373713912/4980[4260/4435] 45094783 49571325306 1—17 
2] 54806565 5582966003 6177 [6352 6526/6700 68747049 2—35 
93 2223/397757 ½7745 79208094268 8442 8616879% 3—52 
24— 2849132931348 9661] |983510009,01831035719531] 4—70 
951397 0705l0880{105 4 12281402 1576175019 242098 22721746 —87 
9 2446620 279429683 14233 160349003664 383804011 6-104 
97] 41850435945 3304707488 10605 55 22954036 577578 7122 
98] 592460980627 2644666200 [679366967 714173157489 8-139 
99] 28563 7836080108 18483580853 187058879005 3902200 9-157 
NI ©: til2|[3t4|}51617| 8] g DP 


| N. 25000 L. 397 
hh 
| NN f 
| No JE 2|3]41||5|6]|7]8 | 9 ts. 
j| 2500 397 949919574197 4719922110095] [0269 0442j061610790J0963 174 
' 010398 11371]1311[1484\1058[1831||2005' '2179 235 225 2602699 I—17 
| 02] 2873130471322013394 350711374113914/4088[426114435] 2—35 
| oz 460860478295 5% 129,5 302 5476 56495823 599661700 [3—52 
4. 5342529688332 7217384 7557177 39,7994) j4—70 
6538077825 18424859777 10894491179 29194649637 |5—*7 
| o6 98119984015 703 3000504 ſ0077j0850/1024[1197|1370 6-104 
| 071399 1543/7171890 2003223024095 8302756292903 1b 7-122 
[ os| 327513443[362213795[3908]| [4141[4314/4487|4660]4833] [3-139 
| og| _ 5007151801535 31552015099] [5872;604516218/6391[0564. 77 
2510 673769 10½ 083% 280% 429 [7602/777517948/8121}8294] © 
in| 8457664088 13 986 159329558 98500003 
12 400 0196036905 42 / 15888 [10610123 301406 157901752 
13 19252098] 2270ʃ244326160[ 27890296203 1343307034800 173 
14. 395313325 229804175 434494894802 5034527 [1—17 
15 $5380[555215725]5898[0070] [6243064 166588676 169344 2—35 
| 16] 72106 7279745" 7624%½% 79779698 142083 1484878660 [3—52 
17 883200005 91770 50522 [9695]19867J0040ſ0212 0385 4—69 
184010557 e | 29% 1075]1247||[1419|15921176411937]2109 5—86 
19 2282245 4202627990297 100314433 160348803661 3833 6-104 
2520] 40054 1780435045 22045954867 5039052125384, 556 3 
21 5728159011007 31624510417] [05901676216934j7 100[7 279] 138 
22] 745107623 7795%967 8 140083 128484865688 280 0 2188 
23] 9173345517 9689/8610 3102051037710549[0721} _ 
241402 0893]1066[1238i1410{1 58217541926 z098 227002442172 
25 2614/2786 29583130 3302347436468 18399004162 
26] 43330¼505477 484950210 1935365055 37570905881 — 
27] 605 202240396 65687409 127083255 74277599 172 
28 777 179428 114828608458 8629 880118973 914519317 117 
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53/407 0508067 8 084811018[1188| [13591529 169918692039 3—51 
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71/410 1021[1190[1359|1527[1696| [1865 2034/2203 237202541 
72] 2710]2878/304713216/3385] [355 3723/3891[4060/4229] 
73] 439814567[47351499415073| [5242[541015579]5748[5917] 
74. 856254423592 6750 [6929170987 2661743517604 
75} 7772794108 11 00827808447 [8615087848953 9121/9290 
70 9459827 97969964133 [0301[0470/0639j0807j0976] |—— 
771401 1144 131311481[1650[1818| [1987]215512324/2492[2061 168 
78] 2529/2998(3166/3334[3503|[367113840/4008[417714345] 117 
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86] 285/45 3662 17896957 [7125]7293[7461[7628[7796] [F— 
87] 79648132[8300/8468[8636| [8804897 113993079475 
83] 964398 1099780014603 14 0482/0649]0817J0g85/1153 | 
89/413 132011488[1056j182411991| [2159/2327|2495|2662{2830 
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260041497 33/99000067[0235[0402| [056907 360903'1070/11237|167] 157 
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11] B069j823518401[8568[87 34 [8957933 93999565 ; 
| 12 97329898 006403000397 [056307 29]0895|1062[1228] | 
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45] 42571442114585/4749j4913| [5078 52425400557 %½57344 j5—82 
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671426 0230[0393 log56107 19/0881] [104411207|1370[1533|1695 | 
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94 _ 39761413714298[4459/4621] [47821494315 1941520515420] . 
35, 5588[574915910[607 116232] [63935554167 16168777038 
96 7199½%/360%52 176827843 800408 16508 32684878648 ST 
97] 9809[8970[91311929219453] [9614197 75199301999710258 
931451 04190580074 11090211063] [122411385]1546]1170711868 
| 99)  2029j2199]2351]2511/2672|[283312994/3155[331613477| __ 
Nj o Jiledglelsl6]z| 8D 


N. 27000 L. 431 


71 9 [DPts. | 
2700431 36380379803959%1200428 144424003 476349245085 161 
OI 524654075567 572805889 [6050.62 10637 1065 32 6693 1—16 
oz] 6853 7014½7175%½ 336749607657 7819 7978181398300] 3 
03 84600862 1878289429103 [9264/9424 958519746 9906 3—48 
04/432 0067 0227038800549 o/o 0870 1030119113525 12 4—64 
[1673183319942 154 23152475 636½7962 9573117 5 
ob] 3278134381359913759[3920]| 40804241 440145024722 —97 
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oe 8090[8250[8411|857118731] [8892 hen abate 937219533 9-145 
2710] 9593985 3013174344945 8 15097501135 
110433 1295]1145511616j177611936] [209622562416 2577/2737 
1 4 289713057132171337713537| 697863857 4018417804335 
13] 44984658 4818978051380629 805458 5618577859380 60 
144 G609816258[6418;657816738| [0898|7058j7218/7 37817538 
15 7698785880188 17888338 [849888658088 1889789138 [2—32 
io 929819458190171977719937| (9297125719417 10577 730 [cs 
171434 0896|[1056[1216|1376|1536| [1695|[1855[2015'217512335 4—6al 
18] 2495/265428 1429743134329303453036130377303932 
reel 696 
2720 56895 849060086 16806328 [648766476807 69667 126 7112 
21 7285{7445|7605|776417924|[80831824.3]8402]856218722 8128 

| 22] - 8881[9041[9200[9360;95 19] 067998389998 01570317 | 
| 23435 947 01063010795 09551114) [1274/1435[1593 WA tet 
24 207 1[2230[2390[2545|2709] [286813027[3187j3346[3506 
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66] 35 22867988 36089939150 030794649621 9778 993335 ; 
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Be © 793218089|182461[8402[8559}|3871518872 . 2—31}: 
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12780 444 9448/0604/0760/0917, 1073||1229]1385|1541]1697|185 % . 
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48 501.282 
48430. 04.5 
48359.010 
48288.174 


48 147.096 
48076.8 54 
48006. 808 


47936.957 


47797837 
47728. 568 
47659. 490 
47 590.603 
47 521.907 
474 53-401 


47316.954 


47249.012 
47181.256 


47113.626 


47385. 033 


1217.983 
1214-516 
I211.c66 
1207.616 
1204.183 


1200.783| Te 


1197.366 
I 194.000 
1190. 616 
1187.283 
1183.916 


180.600 


101947 340%. 


10195912 ; 
10196. 502g. 


10197. 0930 


10198.279 
10198.873 


10199.468 
10200. 064 
10200. 661 
10201. 2 59 


10201. 858 
10202. 457 
10203. 058 
10203. 660 
10204. 2 62 
10204. 866 


1020 5. 470 
10206. 07 5 
10206. 682 
10207. 289 
10207. 897 
10208. 506 


10209. 727 
10210. 239 
10210. 9 52 
10211. 566 


1177. 300 
I 174.000 
1170. 700 
1167.433 
1164.183 
1160.9 50 
1157.716 
1154-483 
I151.300 
1148.116 
1144.933 


1141.766 


1138.633 
1135483 
1132.30 
129.266 
1126. 166 


L. Lang. / 


N. Tan. 


112 3.083 


10212. 796 
10213413 
102 14.030 
102 14.649 
10215. 268 


10215888 


10216. 510 
10217132 
10217.755 
102 18.379 


10219. 630 
10220. 257 
10220. 88 5 
10221. 514 
10222. 144 


10212. 180 


10219. 04 


10222.7741 


10. 0086538 


10. 00807 80 
10. o08 1026 
10.008 1273 
10. 008 1520 
10.008 1767 


10.082014 


10. 0082263 
10. 0082511 
10.082760 
10.0083009 
10.008 32 59 


10.008 3 508 


10.008 37 59 
10.084010 
10.0084261 
10. 00845 12 
10.084764 


10.008 5016 


10. o08 5̃ 522 
10.008 5775 
10.008 6029 
10. 0086283 


10.087048 
10.0087 304 
10.0087 560 
10.087816 


10. 10.008%073 


10. 10.008 8330 
10. 5088558 
10. 088846 
10.0089 104 
10.00 89363 


110.0089622 
— — 
10.008988 1 


10. 0090141 
10.090402 
10.0090662 
I0,0090923 


3119-0091 18 504. 


10. 09447 4. 
e[10.0091709 


I0.0091971 
10.00922 34 


10. 009249804. 
10.092761 


10. 09 3026 
ro. o 3290 


10.009355 5 
10.093820 


1[10.0094086 


10.0094.352 


Diff. 


1 ſec - 


4. 1oo 
4. 100 
4-116 
4-116 
4+116 
4.116 
4.150 
4+133 
4.150 
4.150 
4.166 
4+150 


Co lines, 


9.9919460 
9+9919220 
99918974 
9.9918727 
9.9918480 
9.9918233 
9.9917986 


9816.272 


98 14.603 
9814-045 
98 13.486 
9812.927 


9.9917737 
9.9917489 
9.9917240 
9.991699 7 
99916741 
99916492 


98 12.366 
9811.805 
9811.243 
98 10.680 
9810. 116 


9809.5 52 


4.183 
4.183 
4.183 


4.183 
4. 200 


4.200 
10.08 5269 


4.216 
4.216 
4.216 
4-233 
4.233 


4.250 
10.008 6793 


4.2 50 


4.2 50 


4.266 
4.266 
4.266 
4283 
4.283 
4-300 
4.300 
4. 300 
4.316 


4.316 


9.9916241 


9.99149 84 


999134062 


22211927 


9-9910378 
[9-99IOI19 
3.99098 59 


309.9909338 


9.991599 
9-9915739 
9.9915488 
9.9915236 


9.9914731 
9.9914478 
9.9914225 
9.9913971 
9-9913717 


9-9913207 
9-9912952 
9.9912696 
9-9912440 
9.9912184 


9.9911670 
9.9911412 
999911154 
9.9910896 
9.99 10637 


9799-247 


9808.986| 
9808.42c 


9807.8 53 
9807.28 5 


9806.7 1605 
9 806.147. 


9805. 576 
980 5. oo 5 
9804-433 
9803.860 


9803.286|” 
9802.712| 
9802.136Þ 


9801. 560 
9800. 983 
9800. 40 5 
9799-827 


9799.667 
9798.086 
9797-504. 
9796.921 
9796.337 
9795-752 


9-9909598 


9-9909077 
9.9908815 


10223. 400 


10. 0094618 
10.009488 5 
10. O09 5 152 


io. oo 5420 
io. oog 5688 
110.cog5956 


Co- ſecants. 


669-9908553 


99207239 
7 619-9906974 
t 9.99067 10 
699906445 
619+ 9906180 


7 9.9905914ʃ9 
MEL 9905648 
779-9905382 
509.9904848 


6˙99043 12 


99908291 
9.9 908029 
99907766 
9.9907 502 


9-9905115 
9.9904 580 


99904044 


-] : Sine 


9795-167 
3794-581 
9793-994 


9793-4061 


9792.818 


9815.7 1bſg. 
9815.160q, 


SIS [58 


9792.228007 


9791.638090. 


979 1-047 
9790-455 
9789.862 
9789.268 


9 288.674 


9788. 079 


9787.483 


9786.88602˙ 


9786.288 

978 5. 689 
9785-090, 
9784.40 
9783.889 
9783.287 
9782.684 
9782.80 


9781. 476] 


9.85c 
9.866 
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34175754 $19-337 60991240 56660 9½662 39014 5961.070054 3229.17 50,8834 740% 9.3263 
3512178-593] 93381762 ET 10.6618238|4 5901-174 Lees 245 2232.211 "ng 909-3487352 99-226 15 
13912181-432| 9.338748 24 * 25 10. 66 1258245841439 at 225 2235.26 5 * 2688s 2 
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Co, tangents 


10.672525 5 
10. 67 19047 
10. 6712847 
10. 6706655 
10. 6700472 
10. 6694296 
10. 6688128 


47046. 301 


46645832 


10.668 1969 
10. 6675817 
10. 6669673 
10.6663 537 
10.66 57409 
10.665 1289 


46579721 
465 13.788 
46448. 034 
46382.457 
46317. 056 
462 5 1.832 


N. Dif. 


1 lec. 


N. Sec. 


N. D. 


10223. 406 


1. ſec. 


L. Sec. 


10. oog 505 


Diff 


N. D. 


1 ſec. 


9. 9904044 


| Co- ſines 


978 1.476 


1 ſec, 


46979.100 
46912.087 
46845. 248 
46778.595 
46712. 124 


10. 6645177 
10. 6639073 
10. 6632976 
10. 6626887 


10. 6614733 


10. 6608667 
10. 6602 609 


10. 6596559 
10. 6584481 


46186.783 
4612 1.908 
46057. 207 
45992. 680 
10. 662080645928. 32 5 
28864. 141 
45800. 129 
45736287 
45672.615 
10.6590 5 16045609.111 
45545776 


10.557 845445482. 608 


{ 


10.6572434145419-608 
10.6566422,45350-773 
10.6 56041745294. 105 
10.65 54420ʃ45231.601 
10.6 548430045 169.261 

10. 6542448 


45107. 085 


10.653647 


10. 6 524.546 
10.6518 593 


45045. 072 
10.65 30 50604498 3.221 
1921.32 
44860. oo4 
10.65 12648044798. 636 

10. 65067 10044737428 


110.6406874 


10.6 50078044676. 379 
44615489 
445 54756 
10. 648 3032044494. 181 
444-3 3-702 
42110-647123714437 3-529 
44313-392 
442 53-439 
44193-041 
44133-996 
44074. 504 
44015. 164 


43955977 


10.64948 57 
10.6488941 


10.6477131 


10.6465350 
10.64594.70 
10.64.53598 
10.6447733 


10.6441874 
10.6436023 


10.6430179 
10.64-24.342 
10.6418513 
10.6412690 


10. 640 106 5 


10.639 5264 
10. 6389469 
10.638 3681 
10. 6377900 
10. 6372126 
0.63663 59 


43662. 293 


1104. 866 


1087. 066 


108 1. 2 50 
1078.3 50 
1075.45 
1072. 583 
69.233 
1066.8 66 
1064. 033 
1061. 200 
105 8. 400 
1055583 
10 52. Soo 


1050. ooo 
1047. 250 
1044.46 6 
104 1.733 
1039. 
1036. 266 


$93 3+359 
1030. 8 50 
1028. 150 
102 5-466 
102.800 
1021.133 


1017.483 
1014-833 
1012. 216 
1009. 583 
1006.98 3 


1001. 8Soo 
999.2166 
996.6333 
994.0833 


991-5333 
989.0000] 


I120.016 
1116.9 50 
1113.916 
1110. 883 
1107.8 50 


1101. 8 50 
1098.823 
109 5.900 
1092.9 50 
1090. 016 


1084. 150 


10238. 849 


10242. 795 


10224039 
10224.672 
10225. 307 
10225. 942 
10226. 578 
10227. 216 


10. 5 5 
10. 5 5 
10. 58 
10. 58 
10. 60 


10.0097033 
10. 0097303 
10.0097 574 


10.009622 5 


10.096494 
10. 0096763 


4-483 
4-483 
4-483 
4. 500 
4. 500 


10. 63 


10227. 8 54. 
10228. 493 
10229.133 
10229.774 
102 30.416 
10231. 059 


10. 63 
10. 6 5 
10. 66 
10.68 
10.70 
10.71 


10.009784 5 
10.0098 117 


10.0098 388 


10.098661 
10. 0098933 
10. 0099206 


4-516 
4.516 
4-533 
4.516 
4.550 
4-533 
4-530 


b 


10231.703 
10232. 348 
0432.99 
10233.641 
102 34.288 
10224222 


10.73 
10.7 5 
10.76 
10.78 
10.78 
10.81 


10.099479 
10.0099753 
10.0100027 


10. o 100302 
10. 0 100 577 
10. o 1008 52 


4-550 


10235. 587 
10236. 237 
102 36. 889 
10237. 541 
10238. 19 5 


10. 90 


10. 83 
10. 83 
10.36 
10.86 
I0.90 


102 39.504 
I0240.161 
10240.318 
1024 1.476 
10242.135 


10.91 


10. 9 5 
10.9 5 
10.96 
10.98 


IT.00 


10.0 101127 
10. 0101403 
10.010168 
100101957 
10.0 102234 
10.010211 


10.0 102789 
10.0 103068 
10.0 103346 
10.0103626 
10.0103905 


10.0 10418 5 


4.616 


4.616 
4.616 


9.9903775 
9.9903506 
9.9903237 
9.9902967 
9.9902697 
9.9902426 
9.99021 55 
9.9901883 
9.9901612 
9.9901339 
9.9901067 
9.9900794: 


9776.611 


9775-999 
9775-387 
9774-773 
9774-159 


9780.871 
9780.265 
9779-658 
9779-050 
9778.442 
9777-832 
9777-222, 


9.990052 11977 3-544 
9.990024719772-928 
9.939997319772-311} | of45 
9.989969819771-693 i 
9.989942 319771-07 501 
9.989914.819779-456 
9.989887319769.836 : 
9.9898 5979769215 
9.9898 32009768. 593 , 
9.989804319767-970|. 
9.989776619767.347 
9.9897489}9766.723 


10. a8 


IO.10 


10.11 
10.13 
10. 13 


10. 16 
1 


10. 16 
10. 18 
10. 20 
10. 20 
10. 23 


10.23 


10. 2 5 
10.26 


44 


4-03 
4.650 
4-033 


10243-456 
10244.118 
10244.781 


10246. 110 
10246776 


1004-366] 


43396.940 
4338-054 
43779-317 
43720731 


43604. 003 
43545-3601 
4.347.860 
43430-018 
43372-316 
4.3314-759 


936.4500 
983-9500 
981.4333 


978.9500 
976.4333 
973.9666 


10245445011. 06 
11.08 


11.01 
11.03 
11. 0 5 


11.10 


10248-7709 
10249-4485 
10250.119 
102 50. 790 


102 51.463 
102 52. 136 
102 52.811 
102 53-486 
10254-1062 
102 54-939 


10247-44217 3.10 
10248. 110 11.13 


11.15 
11.15 
11.18 
11.18 


10. o 10 5027 
10.0 105308 


10.0 105 590 
10.0 105872 


10.0106155 


10.0 106438 
10.0 106721 
10.0 107005 
10.0107289 


10.010773 


10.0 10446 512-666 
10. 104746. 


4.683 
4-700 


9-9895535[9702-330, 
9.989 525419701-699 
9.939497 3197 61.068 


9.93944 10197 59. S0 
9.9894128 9759.165 1 


4.700 


11.21 
11.21 
11.2 5 
11.2 5 
11. 2 6 
11.28 


102 555.518 
102 56.197 
102 56.877 
102 57. 5 58 
10258. 240 
102 58.923 


11.31 
11.31 
11.33 
11.3 

11.36 
11.35 


10. 01078 58 
10.0108 144 
10.0 108429 
10.010871 


10. 1090027 


10.0 109289 
10.0109 576 


10. 1098634. 


100110151 


100110729 


10.0111018 
— -—— 


971.5000 
969.0333 
966.5833 
964.1333 
961. 7000 


102 59. 607 
10260. 292 
10260. 978 
102 61.665 
10262.352 


I 1.40 
11.41 
11.43 
11.45 


100111307 


110.0111887 


10.0 112178 


I 1.48 


102 63.041 


100112469 
10.011276 
——— 
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10.01 10440 


100.0111597 


4+7 331 
4-7 50 
4.766 


9.9 890998 


9.9893845]97 55-533 
9.9893562[97 57-897 
9.9393279]97 57-2060] 
9.98929951}97 50.623 
+73319.989271119755-985 
4+-73319.9892427197 55-345 
9.9892 142197 54-706|———— 
9.9891356197 54-005 
9.9891571197 53-423 
219.9891285197 52-781 
9752.138 
998907110975 1.494 


4.788 


1 


9.988869 


519.9887822 


290.9837239 
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9. 9890424 
99890137 
99889849 
9.9889 560 
99889271 
9.9888982 


99888403 
9.9888113 
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97 50.8491” 
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13 DEGREES. 


MIN. Sine N. L. Sine Din Co- ſecants. N. Ein N. Ian. N. L. Ian. Diff. | 
902249. 571 of. 935208821 ſec. 10.6479 1200444 54.1150 1 lec. 2308. 6821 ſec. 2504 I tec. \ 
112252.345| 9.3526 349% 1. 1000) 19-047 365 44398. 126.3166311. 74%51, 0692, 3946. 0000 
2 225 5. 179 9.3531810 77566 10,6468 190144 342.382 93% 31 2314.811 3 93645155 e oof 
91.1666 929. 90g 87651 6000119 5299900 
312258.013| 5 9. 35372640, 00001 19-0462736 44286,731 27.5150 2317.876109 9.30509 95,7666 
42260. 846 0, 3542710 * 7 10. 6457290044231, 224 . 2320-941], 08 9-36 56641 95.666660 
5 2263.680059. 3 548 150 ess 10.645 18 5004417 5,8 59 275 2324. 07 $1.10j9* 3202374 95,5 500d 
612260.513] 0. 3553582 e thx 10.644641844 120.637 426.355 2327:973or.xc 9.3068 100 95-43339 
1 712269-346| [9.3559007 9047866 10. 64409934406 5, 55% 18.016602 339.140 51.11 9.36738 19 7 
8.272.179 3564426 5 166616435 574,440 10.616 513.8088 2333.207051.110˙3629 532, 21660 
92275. 01200 9.35698 36 9.26666 10. 6430 16443955817 913.3166 233.274 51.11 9.368 5238 e 
1002277. 844 219-3575240 0 066661064247 6043901, 158 3320½339˙342(.1309˙369 9937,83 
1102280.577 I 9563780 10,641936304 3846.638928 3% 342.4005 139.3696629 
| e277] <[9:3592937]$9.95000|! 222479393143943-2391003.6666|": $1.13]""2 4.1 194,86666| 
a! wh Ie Fry 9 3535027]g, 83333 2 906. 3 500 _345:479 $1,13 9:3702375 94.7 6666]: 
t3]22$6.341]|—[9.3591409 10, 6408 591043738.015 2348.481180 3757994 TG 
1442289.1720 9,3596783 2-4 — 10.640321; 436 83,9 10 e 2351.617 1 93713667 1 
152292. 004% 9. 360215485 10.639784643629.943 : 2354-©87]-, 1619-3719333| 
TI 89.48333 399.4590] 22 5171 214243334, 
1602294.8 3029.360751 53 Sool10-6392485143576-113],"" 1:66 2357758 51.18˙3724992 94.316680 
17 2297.666 F 9. 3612870 * IHGr 10.6387 130043522.419 tack 2360.829 51.12 9.37 30645 94.2166 
2.47 2.182 12039. 116668284345 8.551392.633 3363.28 f. 15%. 2.247 10000 ! 
19a 303.328 9.362 35 5808 r (10.6376442[43415,43* o—=S..12366.97 11-11 $1937419300 200725 
2002306. 159] 9.3628892 _— 10.6371108 $5 362.1 50 888. 2370. 044 . 93747563 33.883330 : 
211230$.995| 5 [9.3634219 e, 10.636578 1043308. 99638 1 2373.116 51.209 375329993.7833 b 
2:12311.815| 29.3639 539 3333 110.6360461 43255.977J885.8 00% 378.189 51 537588 10 93.668600 k 
23]2314-645| 9.36448 52 83.5coo0| ©0355148[43203-090 „ 257926251 2119370442315 3.55000 
243290 2388 8888.43343 2 279,2313 2392-336]; 1.2 31937222325 3,4 5000) 
2502320 30% "[9.3655458|555 1,6344544 3097. 7150 5. 876623854105 519-377 50310 NE 
2602323. 1380 [9.3660750 38.3555 10. 63392 504 3045. 22 5 2 2383.48 5 3, 9378122 5 3 3 | 
2712325.96>| [9.366036 I e 10.6333964142992.867 „ 2391. 560 51.2519 3786813 93.133353 5 j 
2802 328.796 £19-3671315]g.” og 2 10.632808 542940, 640 350,4 556% 304˙535 51.25˙3792394 93,0166“ "br 
2902331.62 5 9. 3576587 $5 $6066 10.6323413|42888.545 868.2833 2597.711526 93797969 92.916606 1 
. 9. 3631353 87.76656 10.60318147 42836. 572866. 1166 4027 51.28 = eech, | 
123 37.2829. 36871117 2 0.63128 5942784.7 38 F 2403 864 eee 
2 240.110 43692363 $7-03333 10, 6307637 42733.029 HET 2406.942 8 9.381465 5 5 225 21 
33[2342-935| <-[9-3697 608 hh 25: 10. 6 302 39204268 1.449 3c 6666 2410.0 19 51,28 9.38 20205 92. 50000 1 
2412 345-766] © 19.3702847 pts 49 10.6297153|/42629.996 ok 00(5413-997]c1,30 9.3825748 92.3833; 26 
3512 343.594 <19.3708079 e 10. 6291921042578. 671 3 2416. 176 51,31 9.3831285 „ 2t 
35]2351-422 9:3713394|g7.08331 10. 628669642 527.474 353.2833 — 2. 51.31—92,18333 2 
3712354-248] — [9.3718523|2 6 6281477 42476.402 $51.2000 2422. 334 51.31 9-3842340 9206666 
38 2357.07 93723735 86.866885 10. 6276265424254 349.08 33 242 5.41451. 33 9.354785 91.96666[? 
391-359-902] , 372894086, oc] 0573980142 374-037 347,0000 242 8.49451.33˙38 53370 91.866660 
40 2562.74 205.3724436. 6c 10.62 6586 333.94 44.960043. 8765.253887. 7666 
4102365.555/ 793739331 363515 10. 626066942273,372 12.7 2434.6 56 57.25 22363385 91.66 666 91 
4212 368.381 9324786 43343 10625545 3142222-92812  .7500 2637-73 A 5 98 28855 i 
4412374-033] 9.374868 200 10. 624513242122, 4080 76.6 227/2443902 51.39 980537 35000 16 
45ʃ2376.8 599.3760034 Ne: = 10,6239966[42072,333 5 ; 295 2446.984 51,36 9.3350312 3 1j 
4602379.684 2 9.3765194 ee . 10. 62 34806042022. 380 bh a2 2450,068 1.40 938917817 eee 14 
47|23%2.51c| $19.3770347 85.8833 gs 41972-549 1 15 51.38 963397244 3 13 
EEE 
19 3 2 : g La 400 0 | 
50j2 390.984] [9.3785767 ages 10.6214233|41823.785 rte 2462.40 5 As G.3913595 pi 10 
51]2393-308| 9. 3790894068. 010.620 164 1774.4380822,4 50046 5.49 151.4309 9340, 65. 
5212 795.63308 o 37960 f 50 88.301, 203955047725. 2 10090. 4666468.577 51.4 39·392446%% 2...|8 
5312399-457] $19-3501129 $441 10,6 198871041676, 102 318.4666 2471.66 51.43 9.3929893 ee - 
34[2492-280 9:3806237|g2"1355. dee ee $16.4666|2474:759 Tg e23935313190.33333 6 
5 5240 5. 104.— 9. 38113390 10.6158661041578.243777TT771662477.837 1.4509 ˙394 0727/0, 22220 
$612407.927| |9.3316434 3.67836 10.618 3566041529, 491 1 2480.92 5 * 9,3946136 we dts 4 
15712410.75 109.3621523 2286 10. 617847741480. 856 310.5833 2484.0 13 51,46 9.3951538 GO 
5812413-574] Q19.3826605 3 ooo! 9:$173395141432»339g 8 6166[2437-192[c 1.4819 3956935 cel 
592416 3960 ©19.3831682 4.67665 10.6168 31804138 3.939 306,6666 2490.19 151.48 9. 3962326 1 J 00e 
160.249.929 9 1 10,6163248141335.655 $04.7333 2493.280 9.3967711 39.7 5000 N 
| Co fines 222 — L. Sec, N. Sec.. Co-tangents S ng) 
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* 


— . * 


. 


Fa - — 
"Co-rtangents. N. Diff N. Sec. e L. Sec. Diff.] Co, ſines. N. D. 
10.63663 591433147591 ſec. 102 63.0410 f ſec. 10011276102 ſec. 9.98872 391974 3-701! tec. 


10.660 5000432 57.3470 6.8660 1263.73 11 1. 500 1˙ 11305304. 866 99880947 9743-046 1.091059 
„ 3 e 10264421 74 10.0113345/4.866 9.9886585 . 1.093 th 
10. 6349099043 142.9550 52.066 10265. 113 11.50 10.0113637 4.866 8 3 1.093 bo 
10.6343359]43985-974|949.683 1026 5. 806 11.5 [10-01139301,,883 ae tir 3 4: 1.09 5 + 
10,6337626|43029-136 947-300 10206.499 11.55 10. 01142244. 900 1 974 *. 1.090 3 
10. 6331900 42972. 440 944-933 10267.194 1 1.58 e ee 9739.7 1.098 = 
10,6326 787429 1 5.88 56 f 10267.8 8971.58 10. 01148 124.9009988 51889739: 190/I. 100 
<= $2a0400 e. 3 10268. 586 1 10.0115 106 pt eee 9738.4391.101 5 
10.63 1476204 803.199 3.383010269·283 71.610190 1540 (4-916 9.2884755 9757.77 1.101055 
10.6 309% 3042747. 66933. «col 19269-9821, ,6 110.011 569714 gz919-992430319737- © 11.103] 
10.630337 4269 1.072 933.233 10270. 68 111.65 1159924.916 2 973 7 1.10519 
1210.629768 5042635218 10271.381 11.6801. 1 16288], 533 9:92237 "21973572 1.106 
=[10.6292006142579-501|- 6761 1272. 082 11.681˙ù011658 504.9 509˙985341509735˙124/1. 108 47 
1 1,6286333 42523˙923 ep gat 10272785 11.71 neee +990 2 9734-459 1.110046 
15 10. 62 8066742468. 482 9 611927 3-488 11.71 10. 01171794. 9 50 5 21 „ 1.113 
1610.627500 804241 3.1772 1.750) 274• 2911.73 1001174774. 966 „ 9733 : 1.111414 
17010.62693 55423 58.009) 19.466 10274897 11.751 011277504.966 eee 3 1.115 
18110.9263706142392:977|g17.200 1927 5:603]13.76|22:221997314.966 229 0 1.116, 
HZ SAA ee 0276, 310% 510-0125 eee, EPIOS 9731.1191. 11641 
15 8 att dee . 10277. 018 apy I0.0118671 pt. er Wand ebony 1. 120045 
21 10. 62468 10 42138. 690 910.466 10277»-727|11.81 I0.0118971 5.000 Rn 1.120 oy 
22110.6241190142084-196|\ g 2... 10278.437|; 1.36] 29119271]c.00 anda oder 51.1213 
23.10.623557742029.835 10279-1481; 1g 5011797 15. 009.9842974 01.121036 


6.050 
24110.6229970[7197 5-606 e 10279. 8601 1.86019. 19872 5.016 9.9 880128 9727.7 59 1.125 


= © © i e E 


— — 8 

5 6 * 10280. 573 10.01201730 C8769 .9 8798279727. 0841. 12 5035 

ee 102.81. 185010. 1204 5509.987952 3097 26.40 91. 128340 

2610.621877 5[41867. 546 899.416 7111.90 305.08 x 1. 126 

27110.6213187|41813-713 10282.002 11.91129-012077715.033 9.997922319725+733]7.128133 

29 
9 
© 


901. bo 


897.216 8789219725. 056 3 
10.6207606|41760.011|g 0c, 119282717), , ga 1 2:012107915.033 N 31.130 
10. 620203141706. 440 352685 10233-4341; 1 100121382 5.0 50 9.98786 189724378 1.131031 


10284.152 10.0 121685 


9.987831519723-099]1.831 


z0110.6196463 41652.998 890.700 x 11.96 8 5.0 50 7 5 
— — 871 -e. 01219 99878012 5 1.1 
3110.6 1909004 1599.68 5888.50 02 iii .050 ; 35 
32110.6185345j41546.501 386.455 e e 11.98 weg eee. 5.066 ST dine 1.135 
| 33129-0179795141493-446 04-250 ron 33197 eee oy 9-9877099[9720-976 125 
| 34110.6174252141440-519|gg2.116/ 287. 33,12. 3,124 206(5·8 300.9376794 7 20.294 f 730% 
MW. 3510.6 168715041387. 719880. 000 10287.755 12.03 10.0 1232065. 100 „ 5 * 1.14025 
4 360.6163184 1335.45). 883.412.068.083 R 


7710.615756 $2. A400 102 89.203 7 =(10. 01238177. 9.987618309718. 926070742 

38 2 ee ones 10229.929 3 100124124 2 9.987 587597 18.2401. 25122] 
l 1 10.6 146630041177. 84 92 10290. 65 5 12.10% 1244305. 116 9887283 „ 1.145 
9 40010. 614112441125. 614 969.500 10291.383 12.13 10.01237375.1339˙92575293 971.89 %, 
9 41110.6135624[4107 3-569 867.416 1 

1 


10292.111 12.13 10.0 125045 5.116 9.9874955 9716. 180 148 
42ʃ10.612013104102 1. 649 * 12.31 1—.—125382 5. 15002448842. 1.148. — 


| 293-571]; g[10.0125661 9-9874 339197 14-502 
| 4:110.6124644{40969.3 52/67" 10293-571],, 18119-0125 5.133 
1 4s 10.6119163]/40918.178 863.283 10294. 30212. 181 19-012 59695. 150 9.9874031197 14-112 1.151 


861.233 6278 8 13.421 - 

| ; 866. 10295.034 10.0126278 ., 9.9 87372209713 ·4 1 

| 5 „„ == apa + bes 9758 2:22] 10.0126587 2 16619-987 341 3197327291115; 
1 47010. 61027 5640763. 892 3 100126897 5.166 9.9873103[9712-0390 13 


48 10.6097 300[407 12. 707 853.083 


- 149110.60918 "am; £ 
609 1849040661. 643 
o . [$0110.6086405[40610.700 * — 


1.1 
IS 272025. 18322293 9711.343 Gs 12 
10.9 127518 5.783 9987248297 10.6491-160ʃl“ 
10. M7829 5.183 9.987217119709-953]_ 


10. 6080966 8 9.44 ; 10.0128 1400 f. 9.987 18609709. 258 ; 
- I oh 09 40559 077 847.050 80 35.188 10.012841 9.9871549 9708.561 
5 10. 075534 40509.174 845. 050 5 | 12.31 3 5200 g 6 0 86 
53 10. 6070107 4045 8. 590 843.066 10300. 928 12.33 10.012 764 5.216 eee „ ; 
54/10. 606468 40408. 12 5 12.35 e . 5.216 847662 00h. 60 : 
10. 6 . 10302-411|, -(10.0129399 9.9 870611 . 
TTF 
5 . 53 ++ 3 7» 837.1 50 85 808 12.39 10.01 5016 bY 33 $69984'9705.065 
5710. 6048462 4025744935. 166 10303-290],,.40| 3 5.232 ge” Mn 
5800. 604306 540207. 446 82 225 10304. 643 12.411,03 30/5. 2 5 2 3 2 
5910. 603767440 157.570 27283 10305-3891,2.43 10.0130644|7. , :0/9-986935 9703: 
60 10. 60 32289 4107.298429. 3 50 10306. 136 10.01309 59 — 2 N N 
L. Tang, IN. Tang. ; Co- ſecants | L. Sine N. Sine 
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2 * COD * 
2.7 > JF E 


* L. Tan. 


75 DEGREES. 


MIN. Fineſ N. L. Sine TDA, Co-ſecants- N. Diff N. Ta Diff. 
| © 2419.2191f. 9 9. 3836752 Io. 616324804133 5.5 5 1 ſec. 2493. 280 9.39677 1101 ſec. [6 
12422.041 [9.384.1815| 10.6158185|/41287.437 2496.370| 9.397 2089 % 
2 2424.36 9.3 846873 10.6153127/41239.435 3 5 . 05 1 — 333 5 
| 3j2427.685] 89.38 51924 10.614 8076141191.498 we 66 2502-551 9.39838 30g 9 5* 57 
443.5008 93836965 10.6 43031041743. 67 5,9 50% 50 f. 642 9.3989 191]g 94-508 
5124.33-329] ©19.3862008 2110.6137992 4109 5.967975 2508.734 9.399447 893 199 
6 2436.13 9.386704 310.6 1329 6004 1048. 374 ED IS 2511.82 6 9-3999896 "1-84 . 5 
7 2438.971j—19.3872067 10.6127933|41000.893 2 2 514.919 9.400 5240 885 22 
812441792 9. 3877087 10.6 1229130409 53. 52679735025 718.012 9.40 10578080566 
9 2444.6 130 39.3882 101 10.6 11789940906. 272 789.4 50 521.106 9.40159 10 589.666 
2447-433] © 9.3887 109 10. 61128910408 59. 130 757-566 2 524.200 9.4021237 CESS 
2450. 254] ©19.3892117; 10. 6105889408 12. 100075500 527.294 9. 40265 58 697-833 49 
122483. 074 2. 389210 10. 6102894440765. 181 — 25 30. 389 : 9.4031873 es.” 48 
245589449. 3992096 10. 0979040407 18.3745 533.484 94037182 — 47 
2458.713 9. 3907079 10. 609292 14067 1.6777 9.116 25 36. 5 80 9.404248 6 544933 4 
2461.533,219-3912057 10.608794.3]4062 5. 9177 8.2530 5 39.676 9.447844. 000 
2464.3 52 8 9.39 17028 10. 60829720 40578.615 776.433 2542-773 9.4053076 883.000 44 
2467.171] I[9.3921997 10.6078007[40532.249|7 74-600 2545.870/ 9.40583627 3 43 
1812409.990 9.3926952 [70.607 30484048 5.992 dnl 2 548.968 9.4063644 3 42 
2472. 809.— 93931905 10. 0809540439. 844 — 2552.066 9.40689 19 41 
2475. 627 9.39368 52 10. 606314840393. 804799˙133 2555165 9. 4074189 879.166 4 
2478.445 8 9 3941794 10. 60 5820640347. 872 767.333 25 58.264 9.40794 53 37.333 : 
2481.263] 219-3946729|g, 2 .,110-0053271140302.048 765-533 2561.363 9.408412 773330 
2484.08 1 19. 390516585 5 10. 6048342 402 56.332 763.733 2 564.463 9.408996 5 876. oo ; 
2486.899} 19.3956581 10. 604 34190402 10.722 701-933 2 567.564. - 9.409 5212 3 3 
2489.7 16— 9. 3961499 81.9 66 10. 6038 501040 165. 2 19 L - war 2 570.6640 9.41004 54 35 
2492-533] 396647007. . [10.6033590/40119.823]75-*33%2573.766 9.470 9690973.66603 
2495-350] 8.39773 7501.7 501,868 540074.53207 84.8 %½57 6.868 9.411092127 20003 
2498.167] ©19-3976215 - [10.6023785}40029.347]7 94252[2579.970 9.4116146]27 75233 3 
2500.984| <4[9-3981109]|g 10.60 18891399 84.2677 53*233]2582.074 9.4121366 hen 3 
2503.800] [9-398 5996 10-6014004t399 39-292: „„ 9.4126581 op "66 3 
LIDO 9. 3990878 e 12 39894.421 — 2 589.280. ———19.4131789 ces eco 
2509-432] ˙399 5754 81.266 f71600424639 8495404. 5% 592.384 9.413699 3086555 
2512-248] 9.40625 91.183 10. 5999375 39804.991 74 $53 25095. 4881, 94142191 "bd 
2515.063] 219-4005489|, * --110.5994511139760.433]/ 4432 3/25598.593]2 94147383086 3336 
2517-879] 419-4010348|g 10.5989652139715-975 742-666 2601.699 9.4152 570ʃ5˙333/ 
36|2520-694 49. 40152010 g 10. 5984799039671.621 140-933 2604.805 94157752 3 80 24 
252 3.508 9 - 4020048 8 10. 5979952039627. 369 ö 2607.911 94162928 — 23 
2 526.323 94024889 8 10.597517 39583.21917 37+533[2611.018 9. 4168099 862.666 LE 
2529.137] 219-4029724} 10.5970276[39539-171 735-533 2614-126 9:4173265 $61. 833021 
2531.952809 -4034554 10. 596 54463949 5. 224734133 2617.2 34 [9.417842 56,00 0 
2534-766] 94039378 10. 596062203945 1.3797 3245620. 342 9.4183 580 era} 19 
42/2 537-579] [9-4044196 10.5955804[39407-033 55 J 452 24188729 n 18 
2540. 393 0. 4049009 0g 10. 59 50991 39363988 66.56 944793874%/ f 
4402 543.206] 9-40 538 16 10. 594618439 320.4430727 414/262 9.670 94199013 857.500 16 
2546.019055 9.40 58617 10. 594138 3039276. 9977257 500632. 780 9.4204 146 856. 5000 15 
2 543.832] [9.4063413 10.5936587[39233-651]774+229[2635.891 9.420927 51555-5902 
2551.645] j9-4068203 10.5931797139190.403]/"7433/2639.002 9414398354831 
8 884488C0 2.422287. 22110-5927013[39147-254 ms 2642.1 1412 86694219815 352.8 83302 
92 5 57. 2700 —19-4677766 10. 592223439104. 203 — 264.226 <-> 94224628 55 11 
2560. 082] 9.4082 539 10.5917461|39061.250/7 17.85% 648.339 5786.442973 9052166010 
2562. 8944 19-4087 306 10. 59 12694039018. 39 5 715-853 2651.452 9.42 34838057 166 9 
2565. 705 9.409068 10. 5907932 38975.637 725/654. 566 9.443993 58 50.500 8 
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Co- tangen 1 
29042. 109 
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10.4609 80018905. 467 
10. 4605713 
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28824033 
28796. 979 
28709-970 
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28743.007 
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1910.45 528 5228 528.911 
10. 45488078 502.3492. 
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10. 45366882 8422.926 
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28370. 196 


10. 4524595 2334 3-396 
10. 4520570028317. 639 


10.45 16 548 


10. 4508513 


2829 1.42 6 
10.4512 529 2826 5.2 56 | 
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10. 4504 50002 8213.04 5 


10. 4496481 


10. 45004890 z 8187. 003 
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10.448847 528 109.134 


10. 44844 6K 808 3.263 


10. 44804798057. 433 
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10.4464 523179 54-537! 


110.4460541 27928. 277127 DOR 
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7826.853 
801.440. 
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17.66 
17.68 
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452.4166 " 
451.6500 
450.9000 
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447-1500] 
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583.649 17.76 
17.80 
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18.01 
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606. 304 
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10.02 56087 
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E 9748804 


9448.5 37 


944.630 


9444-720] 
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435-4550 


—[1c609.580 
1c610.675 
hangs +: 10611. 770 
10012. 867 
106173.965 
10615. 064 


18.20 


18.21 
18.25 
18. 2 5 
18. 28 
18. 30 
8.32 
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94-2 7.386 
9426.415 


10.02 578780 
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427.6833 
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160620. 575 
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18.33 3 

18.35 
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18.40 
18.40 
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1062.3.896 
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10. 0263291}, 
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104405086627 4 17-4500 
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FT 1+ 4.300 106 38.403 
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10.02 66477 
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7.566 
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9-97 34891 
6c0/9:9734435 9406.83 5 
9.973 3980 9405. 848 
619.9733523 9404-860 , 
9:97 33067 9403. 44 
61609. 9732610 9402. 881 
9.973153 941.897 
9.97 31694 9400. 399 
3-973T236 9399-907 
[9-97 30777 9398-914; 
9-97 39318 9397-927 
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ſecants N. Þ ir. N. Lan. .- P. L. Lan. Diff. — 
— o ſecants. . 5 | ere 1 ſec. fe 
NN. Sine N. L. 2 IN < 80 44 1 ſec. [36539.702]1 1ec. 2500059) 5 
— D. 0517 11ec. 0.46594 312923 — 642.997 9.561458 65.4833; 
<[3422-20111f.19:53+ 86 ö 10.46 56014 292 14.697 389.1166 e 54*97119.5618515 65-4500c|;. 
1 3422-935] 9.53439 , 57-81666 10.4652 548 29191.359 388.4666]? 3649.588 e 9.5622439 65. 40000 0 
234256680 19. 3 57.666660 10.464908 5] 29168.121 387. Sooo 3652.88 5 54.93 95626360 65. 3 5000 Y 
30.3428. 400 239.5350915 57. 71666 10.464562 529 144.892 387.1500 3656.182 54+95 9-5630278 6 5. 3000 5 
| 413431-133 97 554375 57.666666 10.4642 168 2912170 386. Soo 36 59.480 54. 4 956534494 65.26666 : 
$13433-305] *. 27 35 57-61666 eee ce 8 54.0 9.563870) 65.276660 
$13436:597 23357-56666 10.463 52632907 5445 385.1666 3666.57%79 99 95642018522 - 
713439-329 195304737 57.5 1666 10. 46318 160290 52.372 384.5166 3669.357955 8 545925 65. 11666 - 
$13442.060} [9.53 8 - 5745589 10.4628371 29029 •.339ʃ383.88 35 3672. 680 Eos 9.5649831 65.10coc a 
|, 313444791] 049-537 122915 7.41666 10.4624930129006.346]:32.2166 3675-983[22"*"19.5653733 65-03333|; 
12913447-521] 4 445 4 64 57-35000 10.4621492|28983.391 382.58 33 679.284 55˙ 9682833 65.00c0c|- 
575528. 5328 5%. ;o 10-4618057128960-475]331.9535 3 e 
8 5381943 ; © 4.9 — ,3052.587| = [9-5 64.9500 40 
1 222525725000 10.4614625|28937.598 381.2833 368 5. 89005589. 566 5424 64.900 00 
130345 5. 712 9.5588355 57.20000 10.4611196 289 14.760 380. 633513 3689.19 f . 9.56693 16 64.866666 1 
14[3458-441] [9-53 22157-15000 10.460889 1.960 380. oog, 69 2. 500 55.58˙5673205 64.81666½% 
1503461.171 . 83926357. 10000 10.464347 28869198379. 3666 369 5.80658. 20%/9. 57709 64.766660 
16/3463. 9000 Y n 575. 4600927] 28846.474 378.7333 3699.112075 1002893928 64.733330 
17]3466,628] 9.5 399 33/57. O 10.4597511028823.789 2 — 9.56848 56 64.6833 by 
1213469-357 — 2 $21377-4500|7-05-528[55 2319.3688735 e 
193472. 08 5 149.5405903 56. 90000 10.459068 6028778. 532 376.8333 3709. 036 . 9.5692611 64.60000]\; 
20[3474.812 3 56. 8 5000 1045872790 28755.961 376.1833 37 12.346 25 9.5696484| 64-5 5000]? 
2103477540 22.846726 55.7833310.4 583874280 33-428 275.55 3715.65605.169-5700355 64.516660; 
3480-267] 019.541 270557500010. 458047 31287 10.932 374-933312718.967 hit: 2572422 3164.46666|> 
23 3452-994; 9.54195. g 56.683323 10.4577074128638.4.74 De 9-50 80S Arccc 5 
2413455-720] 2.842222 6.6K 53673687272 7855•18 104166603 
— 3425-7 eee 5 10.4573679 28666.053 373.6833 372 5. 590 2 20 9.5711951 64.38333 35 
1-513458-447] 9.542 5 5658333 10. 457028728643. 670 373. 0 50⁰ 3728.903052, 95715871 64.333332 
263491273 [9-5429713 56.53333/7.4 5668972862 1.344 372-43333732-21727 2 119-57 19669 64. 3000005 
34938980 x 2 5 56. 50 10. 456351128 599. 1371.8 166 3735-532 e, 95723524 64.2 500. 
28349 6.6240 59.543 : : 56.43333/10. 456012728 576.744 571.1833 3748.347 bs 9:3727371 64.2 1666|-- 
291 3499-349 . 56.400000, 45 56747 2 — 37.5606 ps 575 722764. 16666(. 
22 1 5933333 1045533708 832.312 369.9666 3745479 3 9:57 35974 64.11666 27 
3113504-798|— 454 f 56.28333010.454999 3,285 10.152 309:333312748.797 +46 9-57 35919 64.08333ʃ26 
32 3507.523 8 9-545 78 56. 2 Fo 10. 4540524. 28 488. 028 368. 2333 37 52.115 55 9 * I 64.03333 25 
3313510.246| & 315255 56.183330. 454325528465. 3411-68.1166 3755-433 <4 . 64.000c0|,; 
335737530 0p $450745156-15000|10 +339390/28443-3911:6-.500c 37 825.3228583 63-955cc|- 
3513515-693 2425 2156.08333 10. 45365282842 1.87 266.2005 "Sf 12.:33 9:57 54272 N 
36 3518-416] e 399 356.3000 %% ET 55-33 9.5758 104 63.866066 Fo 
3713521.139|—19.5466 F#2 56.00000! 10.4529311 28377-958 365.6300]; 3768.716 be 9.571934 63.8333 3020 
3913523-862| 9.54701 35. 9 o 10.45264 58 28356. 0 64 365.0666 3772.038055. 95795707 63.78333 10 
3923526. 584 29. 7. 55.88 333 10. 4523107 43334-1385} 63.4835 3775-361 3 9.576958 5 63.733331 
483529. 306 22.5 (+ 93]? 55.85000 10.451976c[28512.355 363.8066 3778.68 5 3 9-5773407 63-70c00/ 
+113532-027] Y. lv: che 55-78333|10.4516415 8 00 e 16 
— 422.488 5575000 10.451307 282 68.796 362.6666 378 5.335 tf 9-5701043 63.61666 15 
133537.469 9.548525) 5.750087. 4509734 8247.01 352.083303788.66 7 £6 . 878855 63.583334 
143540.190 jabs (4 2055˙6 5000,10. 4 506398 28225382 361.4833379 1. 98805. 450.5788669 63.5 166601; 
45] 3542. 910 29 · 4 In 55.60000 10.450306 5 28203. 729 360.8833 3795. 315 55 * 9. 3 63. 5c 000 12 
5543.25 £19-549 526555·5 S000 10.449738 182.1120 60. 3000 37258.644055.48 822286, :45000),; 
+713548.350| 9.55002 2155-50000 10.4496408|28160.529 22 2e e e ee 
4213557070] |9:5503592 755577648555 78.448368 88.5866 5205.30 46.8836 63.360 
+213553-789] 9.550691 55:40000 10. 4489763 28117, 7 353-5166 2308-633}95 +19 95207697 63.31666 
50 3556. 508 o A , 55 · 3c 10.448 6444 28095. 995 357-9333 38 11.964 55.51 9. _—_ 63.28333 
$113 959-226 29.557885758.37666 10. 4483122 8074.5540357.3 500 38 15.296 tas e eee 
52 3561. 944 e4i9* 551 : 55.2 5000 10. 447981602805 3. 148 356.7666 38 18.629 3 9. 5819074 63. 20000 
54356450 95520184 55 6661.447606 2831. 777 e 95822864 6316666 
822 2.2424 55,166 56 To-q4473 199128010441 355-6000|3g21:902155.5 35-5519.5826651 63.721666 
5593 $7 0-097]. . & N 5511666110. 4469895/27989.140 355-0166 328.637 85.58 % 58304253. 6666 
$513572-814] 55307 6055.666610, 445559 47957. 875 3 54.4 500 3831.967|95 5319.5834217 63-03333 
$713575-531 os £4 4-46 $5.01666 10.4463296|27946.641 353.8666 3835. 303055 6119-5337997 6300000 
58 578.248 £19.5536704 54. 96666 10. 4460001027925. 444 253.5533 38 38.640 a 9+5841774 62.9500C 
5913530.964 : 0: 039999 54-91666 10. 4456708027904. 28105 2.7166 Co- tangents. 2 
8 W RT ISITCRRES Wee e. 
ö Oo ſines. eee ae 


\ 
4 


— 
V Sao 0 


3 — : =" Sm Re... 
. 1 8 r 
5 2 S . . 
eee ON & 


5 


; * TI 
PPP War 
h I 1 * y a 
. 


3 
3 


k 
Q 


„„ = a 29, 5 2. & ES. i BOB 29 3: 
wW 
—< 


"STO mw DB uw þÞ hl x Gow 


123 10. 4338470 27154.826 


. . . : N Wan 1 F . " 0 * 
P ARE OT OO tr MES e, I LS ba Wage 508 * 4 nr Coons Oh, 3 " 
aj BE wy 8 5 8 — Ms 5 r e ES : . F e N Me Ne — RENCINENY * * 
a . ; ? eo On nas ad 8 e e l Be i 0 es ens yen ge 
A 5 * * : e . 7 age ty dn * 5 . 


20 DE GRE Es. 


10.438 5412027449927 
10.438 148 5 2742 5. 12007 
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37 10. 4245728 2658 1.089 
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14-1166[10644.033 
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110.0270602 99729398 
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10.0272908 5 222222 
* 99726629 
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7+70*19.9721981 
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9383.925ʃ/7 
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59438 1.097 3.843 43.2 500 3586765022838.96 7/5 4870. 126 59.953.685 53.5 1666 
8 22. 264784204, 26610 — 22877.555 227.20 e487 3-726]89-90 > 6878613535299 
_f __ Co-ſines — LEE | N; 4; 226.9166 487 7.3261" 0"19.688 181% 53.483370 o 
„ BE | — Co-rangents 2 — f. 
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10. 10.331322 


10. 3309977 
10. 3306681 
10. 3303387 
10. 3300094 
10. 3296803 


10.329314 


10. 3290226 
10. 3286940 
10. 3283655 
10.32 80372 
10. 3277090 


21445004 


NJ. Diff. 


1 ſec. 


| N. Sec. 


11033+779 


21428.793 
21412537 
21396.301 
21380.08 5 
21363. 890 
21 347-714 


21331559 
21315423 
21299.308 
212 83.213 
21267.137 
212 51.082 


10. 32738 10 


10. 3270532 
10. 3267255 
10. 3263980 
10. 3260706 
10.345742 


10. 32 54164 


10.32 5.895 
10. 3247628 
10. 3244362 
10. 3241097 
10. 3237835 


10.323474 


100.3231314 
10. 3228056 
103224799 
10.322 1544 
10.3218291 
10. 3215039 


10.32 11789 
10. 3208 540 
10. 3205292 
10. 3202047 
10.3198 802 


10. 3195560 


10. 3192318 
10. 3189079 
10. 318 5840 
10. 3182604. 
100.3179368 


10. 3176135 


10. 3172902 


44 10. 3169672 


10. 3166443 
10. 3163215 


710.3159989 
10.31 56764 


10.315354 
10. 3150319 
10.3147099 
10. 3143880 
10. 3 140662 


10.3137447 


21235.046 
21219.030 
21203-034 
21187.057 
Z1171.10i 
21155164 
21139. 246 
21123.348 
21107. 470 
2109 1.611 
21075771 
21059951 
21044. 150 
21028. 369 
20012. 60 
20996.864 
2098 1.140 
20965. 430 
20949751 
20934. 08 5 
209 18.437 
2090 . Sog 
20887. 200 
2087 1.610 


208 56.039 
20840. 487 
20824.953 
20809.4.38 
207 93-946 
20778.465 
20763.007 
20747-597| 
20732. 146 
20716.743 
20701. 359 
2068 5.994 
20670. 64605 
20655. 318 
20640. 008 
20624. 716 
20609. 442 
20594. 187 


271.2666 
270-9333 
270. booo 
270. 2666 
269.9166 


269. b 


269.2500 
268.9333 
268.5833 
268.2 500 
267.9333 
267.5833 


11035.277 
11036.775 
11038.275 
11039777 


11041. 279 
11042.783 


N. D. 


11044. 289 
11045795 
11047. 303 
11048.813 
11050.324 
11051. 836 


267.2666 
266.9333 
2 66.6000 
266.2833 
205-9333 
265.6166 
265. 3000 
264.9666 
264.6333 
264.3166 
2 064.0000 
2.6 3.6666 


LIOSÞ349 
I1054.864 


I1056.380 
11057.898 
17195. 
11060. 937 
11062. 458 
11063.981 
11065. 5006 
11067.031 
11068. 5 58 


11070. 087 


263.350 
263.0166 
262.7000 
262.3833 
262.0600 
261.7333 


261.4166 
2 61.1000 
260.8000 
260.4666 
260.1500 


29.8333 


25925 
259. zoo 
25 8. gooo 
258.5833 
255.2666 
2 57-9400 


I 66) 


11071.616 
11073.147 
11074. 680 
11076.214 


11077.749 
11079.28 5 


1 1EC. 


| ——— 


— — 


BY Sec. 


Dif. 


I0.042724? 


24.96 
24.90 
25.00 
25.0 

25.03 
2500 
25˙10 
25.10 
25˙13 
25.16 
25.18 
25.20 


2521 
25.2 5 
25.26 
25.30 
2531 
45:33 
243-35 
25.38 
25:41 
25.41 
25˙45 
2 5.48 
2.5.48 
25.51 
25˙55 
25.56 
25.58 
25.60 


11080. 823 
11082.363 
11083. 903 
1108 5. 445 
11086. 989 
11088.533 
11090. 079 
1109 1.627 
11093. 170 
2 
11096. 277 
11097. 830 


257-0333 
257-3333 
257-0160 
250. 7166 
2 56.4000 
256.0832 


255.8000 
255.4666 
255.1666 
2 54-8666 
2 54.5666 


10.3134232 
10.3131019 
10. 3127808 


110.3124598 


10. 3121389 
10.3118182 


20578. 9 50 
20 563.732 
20 548.531 
20533349 
20518.18 5 


L. Tang. 


20503. 038 
N. Tang. 


253.9500 
253-0333 
253-3590 
253-0333 
25247333 


254. 2500 


11100. 940 
11102. 498 
1110450506 
9 11105.616 
11107.177 


11108. 740 
11110. 304 
11111.869 


11113.430 
11116.573 


11118.144 77 7 


11119716 
11121. 290 
11122.86 5 


11124442 
11126.019 


11099. 38 5 


11115. 004 


25.63 
25.06 
25.66 
2.5.70 
$2*73 
$5-73 


10.0427832 
10.,0428422 
I0.0429012 
10.0429603 
10.04 30194 
10.04 3078 5 


10.431970 
10.0432 563 
10.043315 
10. 0433750 
19.043434 


xr lec. 


Co ſines. N. D. 


9.9572757 


9063.078—— 


9.8 16 
9.833 


9.855 
9.855 


— 19-555 
10.0431377]0.866 


9.866 


10. o4 34939 


10. 0435534 
10.0436 130 


10. 0436726 
10.0437322 
10.0437919 


I0.04 39114 
10.04.39719 
10.0440311 
10.440911 


10.0442 110 
100442711 


10.044332 


10.044451 5 
10. 0445118 


10.0438517 9.966 
009.9560886 


10.044 15 10 


10.443913 


9.833] 


9.9572168 
99571578 
9.9570988 
99570397 
9.9 569806 
99559215 


906 1.848 
906.6180 
9059.386], 
9058.154 
9056.922 
905 5.68807 


9.9 568623 
9. 9568030 
99567437 
99566844 
9. 257 
9-9565656 


9054-454 
9053-219 
9051.983 
9050. 746 
9049.509 
9048.271 


99565064 
99564465 
9.956 3870 
99563274 
9.9 562678 
9-9 562081 


9-9501483 


9.9560287 
9.9559689 
9.9559089 
9.95 58490 


9040. 82 50. 


9047-032 
9043-792 
9044-5511, 
9043˙310 
9042. 0680 


9039. 582 
9038.338 
9037-093) 
9035. 847 
9034. 600 
9033353 


100.0446324 
10. 0446927 
10. 0447531 
10.0448 136 
10.0448741 


10.004457 20. 


25. 5.76 
25.76 
25.81 
25.83 
25.85 
25.88 


190.0449953 
10.045053 59 
10.045 1166 


10.452381 


10. 04493471 


10. 045177301 


25.91 
15.91 
25.96 
25.96 
26.00 
26.01 


5[9-95.54250 


10.0452989 
10.0453598 
10.04 54207 


10.045 54.2.6 
10.04 56037 


10.045481 60; 


26.05 

26.06 
26.08 
20.11 
26.13 
26, 26.15 


26. 18 
26.20 
26.23 
26.25 


26. 28 


10. 0457259 
10. 0457871 
10.04 58483 
10. 0459096 
10-04 39709 


10.04 5664878178 


810. 460323 


10.0460937 


10.0462 767 


10.0463398 


10.0461552| 


10. 04627821, 


— 


[252.4500 


—Co-fromn ts, 


{ 


9.9557 890 
9.9557289 
9.95 56688 
99556087 
9.955548 5 
9.95548 82 


9032. 10 5 
90 30.8 56 
9o29. 60 
9028.3 56 
9027. 105 
9025-353 


9-95.53076 
9-9553073 
9-9552469 
9-9551864 
9-9551259 
9.9550653 
9-9550047 
9-9549441 
99548834 
99548227 
99547619 
9-9547011 
9-9 5404.02 
9:9545793 


9024.000 
903 3-347 
9022.092 
9020.838 , 
9019.582 i 
9018.32 5 
9017.068.— 
9015. 8 10 f 
9014551 

9013. 292 
90 12.031 
9010. 770 
9009.508 
g008.246 
9006.982|* 


9-9545184, 
99544574 
9:9543963 


2 188 : 


9005. 718 i 
9004-453] 


9.95433 52 
99542741 
9.9542 12900 


99541517 
2981795 
9-9549291, 


-19-9539677 
9.9539003 


59.983844 
5 9˙9537833 


99537218 
9.9 5 36602 


8994. 307 


900 1.921 
oc. 6 54 1 
3999.3 80 
8998.117 
899 6.848 
899 5.578 


8993. 033 
899 1.763% 
8990. 489 
8989.21 5 
8987-940 


L. Sine 


N. Sine 
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wb — | i | — 
Aba: if.19-64.18420] 1 ſec. 10. 358 15800228 11.7200 1 lec. [4877.326;1 fec. 9. 688 18 180 1 ſec. f. 
486.326 96 3 3578991022798. 12 880.927 688 50 22ͤĩ 
TV 
| 24388.9 40] 9 359 43+11666 +357 0404122704+5401. 26.3000[7 7536.05 2753. 40000 
4391 229.6426182 10 818022770. 98 3 4888.133 5 9.689 1430 53.40 O09, 
| 3 39 553 * 8 43+ 10000 *3573 7 225.9833 3 60.08 % 3 53-3833: JW 
414394-166 A. 9.0428765 43-05090 10.3571235[227 57-445 225.7000 29 727 . 9.059463 3 5 
514396-779 9-0431347 43-23000 64500053 22743-92112, 54000 4295-343 Ge 7 7825 53.333370 
1 — r 8 ge 53.476560 | 
$14404.615 9.0439080 te 10.3560920 22703-457 — 4906. 166 . 9.6907422 — ; 1 
94407. 2275 9.64416 54 42.9000 10.35 58 34622690. oo 224.200 4909.77 5 66.15 9.69106 16 5 55 
10 4409-335] & 9-0444226 22 $6666119-3555774 22076.571 223.9000 4913.386078 oe 1 0 
1114412-4485| * 6446786 44.8323 10.583884 l 48.8880 2275.927 3 2 53.18333% 
22441. 9 442.842.8160 138831 1-7 223.3166 9 222 J ß5;. 1 500 4) ; 
$0.7 cow PAR 


1304417.6 % 9-6451931 2 56563 548069 226 36.376 ee 4924.224% 96923378 7 
144420.278 9.645449 3 10.3 545 50402262 3.012 3 4927-33306 0.243 g9.6926565 tes 46 


222, 
r514422-887|$19-6457058| 10. 3542942022609. 66) 773/493 1.454% 569297 503311090, 
A 42. 000 222.4166 50 26 53-0833 3"! 
x 


161442 5-496] 245961904 4.6 10.354038 1022 596.339 4935˙07 1069. 28˙6932934 4 
1704428. 1044 9.5462 178 Pa 2 10. 3537822022 583.029 1 49 38.689 50.693611) © pins 10 
r 1. 5500/t242:3%]66.311:22392917 07664 

9.6942478| 41 


194433319 9.546729 Lc ]10˙3 532710022556. 46 1 21.2 F079 4592 8%, Sons 
2014435-927] 96469844 rrp 10.3530156122 543-204 e ee. 4949-549 i: 9.6945656 58886 40 
2114435-534| + 9-0472395 42.51666 10.3527605j22 529.964; $20.66661195 3-771 60.36 9. 6948833 TN vey; 
Wt 6 92D: 2 647245 12. 350000 5 33 220.3833 we 60. 38/9-0952009 52 * N 
23144437400 99477492 42.4 10.3 522508022503. 53 4900.41 2 (9-09551 2 

24]4446.3 52 g9-5480038 6 e 50.4 552. 90000 


%% . bbb 


CD 


182 GI — — 
Sn — — 


10. 3519962022490. 348 219.8000 4964.04 3 60.41 96958355 52.860666 


HE e eee 1243333 Sag 
254448.957 9. 482882 ccc „4517417 2477 17N 5. ee 60.4.3 96961527 52.866060 ö 
200445 1.562 7 9-0485124 42.36666 10. 3514876022464. 02 5 219.2166 4971. 297 60.46 96964597 22.8377 
2714454-167] J 9.648766 5 42.3 5000 10. 351233522450. 889 218.9333 4974˙92 55-46 in a6; 1 
8 96971032 
＋ 


— W232 
32 8 LW 


rt 


C3 


2814456771] ©19-0490203 10.3509797|22437-77c 4978.5 5460.48 TEC 
2914459-37 5 9-0492740 r 10. 3507260022424. 669 . 4982.18 5 rpg 9.0974-198 76225 31 
300446 1.978 9.640 524 5 10. 3 5047622411. 585 218.0666 2 60.57 96977363 3 
3104464.581 95497807 42.2166 10. 350219322398.517 277000 445 6 9.698052 52.771866 


3204467. 1844 9.6 500338 * <4 10. 34996622238 5. 468 ere 4993-082 "vis 9.6483687 125/88 
3314469.786| 249.6502868 rae 7; 10.3497132022372.435 „ 4996.717 be: 9.9986847 52-608333 271 
3414472.388| 209.6 50539 5 e $4 10. 349460 5 22359.419 3 5000. 3 52.48 9.6990 5266666074 
3514474-990| 9.6 507920 3 10. 3492080022346. 420 — ERe 5003-989], 7, 9.693164 eee 
r S227-227]60.6 3/9: 29993222, 65000] 
7 4480.1 2 9.5512960 — 10. 3487034 22320. 474 22501 1.466 — 9.6999474— ? | 
38 — es 9.5 515486 42.550380 10.34845 1442307. 52 6 — 5014. 906 ee 9. 7002628 does 
390448 5. 392 2965180⁰ r 3453996 22294. 50 5 215.5166 5018. 547 60.68 9.700 57800525 1211 


883. 2 ; 22281.68 2.18 .7003930[52+53333]2q 
49]4487-992] & 9-9 520521 e rus 502.8960. 70.700490 52. 50000 7 | 


851 ö ＋ " - 41.95000 . 68. 2152333 g. 8 o L 

e [2225590 /* #200 12029-476/0 oro geng/$2:59000| if i 

4214493-190} 19-25255+ 41.8833 31223474432]"2255:99312 14.6666}? 22 60.73] 2 252.4 500 | 
— <—C Cc, 9.7015 374 —— 1 


430449 5.7 89 9 .5538059 41.8000 10-347 1941122243-239}- 14-4000 


4414498.387} 9.6530 868 41.81666 10. 346943222230. 192 7500 5036.768|, *-219-7021519 52.45 001 


454500. 984 N. 9.65330 10.346692 52217. 362 5040. 415 0, 897024563 

404503582 © .6535537/7.76355 9.346447 224.545 212.8883544. 3 C0. 8 9.502780 55.4% 0 0 

474506. 179 —9.6538584½1.776663461916 22191752 mary ad oe} five. 3 9. 7030946 52366660 
4804 508.775 96540580 3 10-3459414]22178-97 1], 73.166408 60.83 ö 
* : 9. 6542086 — 10. 6914/22166, 208 055.01 ; yy 
50 382 9.654 558485885 5 22153. 460 ao rs 558.668 3 ee 523166610 
5104876.36f. 2 9.654808 1046333010. 34579 79/2 140.7 30% 1.666562. 322 60,0%. 7043497 5253330 
52 4519.7 58 29.65 5057 5 41.61666 10.3449425]22128.016 nere 506 5.977 "gt 9.704.6632|32+2 5909] $ 
330452 1.753 ©|9-6553065[t5:59095110.3446932/22115-313, 10 ---|5069.6331g,0 (5.704976 5132-25000] 7 
5414524:347 96555550 * 10.3444 441122102.637 N 5073. 290 Good 9:7052097 OED 6 
r . 19.7056027| reve 5 
58[4529-5350 [g-6560536[t7-42335110.3439404[22077-323/77 5, 24/5080-607), *5419.7059156[52-190 0 4 
5714532-128] 809.6563021 e 10. 343597922064. 691 „084.267 6 2 9. 7062284521500 
58/4534.7210 2.56 5% 466 0/10. 34344952252. o 5.556% 587.929. 0.706 54 1052.133330. 
r 7g 1. 15991-591 51.63%5.70 5380833 
ö . 5871 10. 2122026.9 : ; ""n.ro716<g152:09 0 
my 53 = Þ:$5724P}, 1.3 coe N — 2 0.71662. — — 9 52.066667 
Co-fines- 1 — L. dec. N. Sec. Co- tangents. [V 
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Co-tangents. N Piff N. Sec. IN. D. L. Sec. Biff. To. ſin es. 
10.3 11818220 503.038] x ſec. 11226,01911 ec · 10. 46339801 lec.19.9536602 8987.540 


10. 311497720487. 9100 1127.99 10. 0464015 9.953598 50 8986.60 5 
10-3 I 12773420474. 500 227 0333111129-179 "44 10.0464631 9-9535369j38985.389 
10.3108570|20457.708|737+2333]11130.761 3 10.046 5249 9.953475108984.112 
10. 3105369 20442.6345 15333 11132.345 OED 10.046 5866 9-9534134|\$982.334 
10.3102169|20427-575| "2 *©333111133.929 6 46 10.0466485| * 19-9533515|®981-555},, 
10. 30989700204 12. 540 <A e 111355 16 . 10. o467 103 10.302.232 9.9 5328978980. 276021. 
10. 309577420397. 5 1% 13. 103½6. (10467722119 53227808978.996 
10. 3092 57820382. 517/25˙350011138.692 7 '45110.0468 342} 3719.9531658|8977-715 
10,3089384{|20367.532]*52:2333[11140.282| 10.0468962| 9:33 9-9531038|5976.4.33 
j10|10.3086191[20352.565|249:759©111141.874. 4-5 10.0469582|"©*331g.9530418|8975-151 
11110.3083000[20337-615 249-450C|11143.467 bee 10. 0470203 10.33 9-9529797[597 3-568 
222.6820249. 1666 062 26550 382 7J]19-3 50. 8 8 
15.728222. 8324.366682 6.58 822010. 36 28284 
1310. 307662220307. 769 — TE 111466587860 10. 0471447 9.9528 55308971299 
41.307343 5093.7 348.2666 e see 3 99527931 15247275 
a 9*® 54), 6.6 cf ˙ 472692 9-9527 300109004727 
6 
7 
7 


8 


> 3 


Co) he es ri to . 


6 

6 

15 10. 30702 50020277. 994 2 > 

16.10. 306706620263.1330(247˙9833011151.454 55 9.952668 508967.440 
6 9.952606 18966.153ʃ/ 
6 


210.0473315 
[17[10.3063883]20248.285[247:0333|11153.050P 6.10.47 3939 
99525437 8964.64 


247.1166 
{19 10.3057 522020218. 654 ju th 2 11156.263.—. 10. 0475187 9.95248 1308963.575 TT 
| 246.8000 26.73 
20/10. 3054344 20203. 8062 11157.869 26.759. 0475812 9.952418808962.28 5 
21010. 305116720189. 08 246.5333 111 59.470 P44” 10. 0476438 85 9.9 5235628960. 994 
6.8 
6.8 


18010. 30607 20233. 465247 40 111 54.6 59½ 6 1[10-0474503 


3 6.2 ; 0443 
122|10.3047991|20174-331]*+2:2333]11161.084 10.0477064 9.952293689 59.703 
23010. 30448 1720159. 5922459500 11162.6940 510.0477690 43.9 522310089 58.4115 : 
124]10-3041645]20144-56g 04-624 5H 11164-3002 10.047S317 8 9.952168 318957.118 
2 10. 3038473020130. 164 . 4 FE 11165919 26.829.047 8945 9.9521055955.824 
1-0 £03038 JOS CRIT 2448954 11167533 26.9c| 02479572 10.4 9.952042e[©954-529 

2710. 303213520 100. 806244˙783311169. 148 jj20-04890201 219-9 5157991895 3-234 
428010. 3028968 20086. 15302445100 11170. 7 66 2856 10. 480829 99519171089 51.9382 
[29|10.3025802]20C71.516 244-2160 ITI72-364| % % 10. 048 1459 b 9951854189 50.641 
| 435 10.3022637 20056. 897 St ISIS & om 27.00|12-0432088 "19.9517912}8949-344), 

31010. 3019474 20042. 29 5 —11175.625 10. 0482718 9.9517 2828948. 045 TT. 
132 10.301633 20027. 7 10 243-3066 11177-24>] - Sal 10.0483 349 : 9.95 166 518946. 740 

33010. 3013153020013. 142 243-0333 11178.872 * pr 10.0483980| 9.95 1602008945. 446 
24/10. 300999419998. 590 242. 8000 11180. 4980.7˙510. 0484011 9. 951538918944. 146 
3510. 30068 36019984.0 562425333 11182.124 101 7%.ë048 5243 9.951475715942.24.4 
[301:10300g8801 19988. 5300650333) 121Buo75y 45.1 5(29:0485876]1©*5319.9514124/2941-542 
— — 1 2 a C — —— . — — i — T— — ——— mo = 
37 Lo. 3000526 199 55, 0118.58 Ce 10. 048650878. 9.951349 200940. 240 
[3<j10-2997372119940.5 541+ 023311187.0 14. 10.0487142| 2219.551285:13938.936 
35 10. 299422001992 6.087½⸗Z717·=4000/½11188.647 10.048777 0 9.951222413937.632 
4<[10.299107c/19911.637 241.116671190.281 G 19.0488410 9.951159c{3936.326 
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E bl 515003-951| * 1 7 3113333 10. 2515033017844. 45% 12719334 6766.2 68 apt 9-8303492 45-36666 55 
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itt 299 227130.98333(=252199321792:955f1 26:9833/2295:99370.8619:$322 829 f. 30 00% 
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l e Sl nrgeaa[30-31666 5399 -743125-7833|534-333]5 1.11˙834696 7/45. 166% 
i 22 ke 9] +1975 3 30.7833 10. 2483462 177152042 £23 68 38.601 15 9.834967 3 45-20000 aj 
. 3 4 2. 30.783433 atone 5. re 3 6842.871 Sn 9.8352384|+5:20000/,. 
if e eee 766606) tO O0 eee, ale £22437 1.2019:835 5094/5 183331 
1 255652.07009.7522075 [10.2477925117692.67;|——2|68c 1.416 — — ů — 5.16660 
bi 30-73333] 5 7-312 2666 4% 7 210˙53 57 80% ; 
10. 247608 17685. 125125 68 5 5.6927 9.83603 1345˙ 166660; 


9.842 8046 
9˙ 8430739 
98433432 
2 ses 
9.843887 

9.844150 


98444799 


44-90000! g 
44-91666| $ 
44883337 
448833306 
44334 


448666604 

85000 3 
9.84468 890 KN. Sο : 
9.944957 3333701 


$61$733-35'F 5758410 30. ococ 

Re TE 120.78 a(2002:07 519-84 $2268 473785705 

. "NG . — 0 N þ I 2 ö 4. 

i _Co-iines. . Sec. N. See. Co-tangents. Ae 
55 DEGREES. 


K 


34 DEGREES. 


Co- tangents IN. DI. N. Sec. 2 1. Sec. Diff | Co-ſines 
I10.1710126[1432 5-610} 1 lec. 12062. 179 Le. 10. 08142 55 Tee. 9-9185742/$290.376 


10. 17074010148 16.311 12064. 547 9.46110. 0815110 25 9.9 1848908288. is 
10. 170467714807. 021 1549033 12066.917|39-50 10.081 2964/2420] 9. 2284057 2287.27 
10.1701953114797+738 80 133 12069. 288 39.51 10.08 1681714. 1 9.918183 $285. 49302 
10.169923 1014788.463 2 1207 1.662 39. 5610.08 17671 2 9.9182329 $283. $64 

10.1696508[14779-197 = HF 33 12074-037| 39.58 10.08 18525 1121 99.9181475ʃ8282.234 
10.1693787114769:938] 0535 66112076-415139.63/20:9819380 14.2 [9:9189620[8280.603] 
10.1691066 14760.688 154.1666 12078. 794 39.65 10082023626 9.9179764 8278.972 I 
10.1688346[14751-445| 27 2" 112081.175)20 63010.0821092| ©2219.9178908[8277-340), 7 
10. 168 5626014742. 10/154 Ny 12083.559 39.73 10.821949 489778051 8275.708025 
1010. 168290714732. 983 4 12085. 944 39.75 10. 0822806 _ 2819-9177194 8274-074. 
{11[10.1680189[1472 3+764 3 33 12088.3 3439.78 10.082 3664 36 9.91763 3608272. 440 
10. 167747 10147 14.553053 5 %% 12090. 720 39.8210.0824 522 142 9.917547 808270. S006, 


153.5166 — 14.30 
13.10. 16747 54/147 05·3 5% 2093.112039, 8610.082538 9.9 17461908269. 170 


38 | 114.31 
14/10.1672037|14696.155|!93'3®933]12095.505|,, g8110.0826240|"4'3219.917376018267. 534 
1510.166932 10146 86.967 e e 12097. 900 8 ee 24428 — 3263.5 

16010. 1666606014677. 788 3 12100. 297 39.9501 0827960 292 9.9 17204008264. 2 60 
17.10. 1663890146 68.616 l 12102. 69639.980 10.082882 114·33.9171179(8262.622 
2826871224894 54.7333 24,2 882374.36.2232288282 

10. 165846414650. 200 1 12107. 500 40.05 10. 6830545 — 3 99169455 259.343 
20010. 26557 5714647. 247/1 52.882109. 90 5 40.810. 08 31407436. 9168 5932 57.70 

2110. 165303914632. 00 5243331121 12.312 40.11 10.08 32270 4.30.9 167730 82 56.062 
2210. 165032714622. 874 CI ITY 121147210. 15.10.0833 134 14·3 5.9 16688682 54.4200 
2310. 16476 16014613.749 ee 12 177.132 040. 18.10.08 339980744. 9 166002082 52.778 
24 10. 1644906 14604632 52.0833 12119.545 40.21 10.834863 479.9265137 82 51.1350 


— 2 151.9500 . 
25 10. 1642196 1459 5.5222 248 


lol 


V3 D te 


Ns) 8 


rg 
\© 


to 
© 


i 
: 
7 
& 
£ 
7 
7 
& 
8 
. 
2 
5 
5 q 
4 
7 
bg 
1 
A 
1 
» 
© 
5 
1 
*» 
A 
7 
3 
> 
4 
£4 


12 —— 12 121.9604. 2 (10. 0835728 4.9 164272 8249.491 
26010. 163948714586. 420 751.5333 12124.377 2 10.0836 594/1441 — pot wo 2 
2710. 1636779145 77.326 51.262126. 79 540. 3010. 05 3246104430. 916353908240. 204 
428010. 16340 114568.2400157˙59%ö2 129.216 40.3510: 08 38327 14-45 9.9161673[5244-556 
[20[10.1631364/14559-161 1 12131.6 39040. 3810.089195 "443 9.9160805[5242.909 x 
30 I0.1628657j14 550.090 151.233 246404. 10. 0840063 Ts 9.9r59937[3241-262 
31][10.1625951114 541,027 | —————[12136.491| X24 c{10,0840931]|—— | 901 6915239.61 
10. 162 32451453 1.97 10151·55002 138.920 dp 10,0841800| 4:4 Na $237. 483 
33.10. 1620 540ʃ14522.923 3 12 141.3 51040. 5110. 842 670 14-46 9-9157330[5230.316 2 
34010. 16178360145 13.883 ee 121437 84040. 5 510.0843 540 *++5019.91 56460[$2 34-666 n 
35110.1615133 I4504-550 7 r 12 146.218 40.56 10,084:44.11| 14:59 9-9155589 $2 33-075 0 
36 10. 161242901449 5. 82 5 5 12 148.65 5 40.61 10.084 52 82 3 99154718 8231. 364 
3710. 160972714486. 808 180.2877072 15 1.094 40.65 I0,0846154\—= [9.9153846 8229. 71247 
38010. 160702 514477. 798 Saget 5: 12153. 535040. 68 10.084706 14.5309. 91529740822 8.059 
39110.1604.3241[14468.796| 91220 112155.978 40.711 19-0847899]14:531g.9152101|3226. «4051, 
4010. 160 162 3014459. 80101507 I 12158.423 40.7 5 1.848772 14.559.915 722808224.751 
4110. 1598923014450. 814 S he 12 160. 870040. ,$110-0849646}"+'5519.91504354[8223-096 : 
42 10-1596224 4442-36 44 7933 12163.319 40.8 101.08 50521} 14.75 9.9 149479 8221-440 | 
43119-1593525114432.502|——112165.770{;0'3c[10.0851396|——= [9.9148604|8219.784|: 
44/10. 1590826014423. 897 3 12 168.223 4.88 0 14˙58 — — 42115 
45/10. 1588 129144 14.940 3 12170. 678040. 92010. o8 53148014389. 91468 52082 16.469 
470.1585431 14405.99 14. 73/1217. 135040. 9 5.10. 08 54024146 1%. 9145976082 14.511 
7]10.1582735114397-049] 49. 5 1217 5.394,40. 98.10.08 5490 114.659.914 509982 13.1520 
10.1580039/14388.114\749*23331r2178.055 41.0101. 88779 14.6109. 914422182 11.492 


148. 9166 4 
49 10.1577343[14379-187 | = * 


Wy Mok n 2,cadte 4 ene. Ig 
N n 


12180. 5 1804 1.0 510.08 566 58 — 9.91 20 8209.832 
5010. 157464914370. 268 43525 12182.983 41.58 70,8 57536 14.65 e 3208, =; 
5110.1571954114361.356| #* 1*)12185.450[41.11110-0858416|4+5319.9141584[3206.50g 
I0.1509261[14352-4 51 ets 12 187.9194 1. 1510.08 592960147 6609.9 1407048204. 840 
10. 1566 5680143435 54 3 12 190. 39004 1. 18010. 6860176017 66 991398248203. 183 
10.163825 14334-0664 148.7688 12192. 864 1.2310. 0861057 $9" 9.913894.3]3201.519|. 
5510. 1561183 oc 12195. 33904 1.2 510.0861939 = 9.91380618 199.8 547 
5610.15 584920143 16.906 8 p 285 12197. 8 1604 1.28 70.086282 114.709.9137 17908 198.189 
57/0. 155 58014308. 039 od 2 12200. 2964.33 10.086 370414709. 9 1362968 196.523 
58/19. 155311714299. 27 8747.852202. 777041. 5 10. 86458714. 1.913 541308 194.8 50 
5910. 1550421014290. 326 "ad 22050605 1.28 10.086 547001471 9.9134 530 8 193.189 
10.1547232 Dee e 12207. 746 10. 0866355 2475 9.9133645 8191.82 | 
SPREE Co- ſecants 5 3 L. Sine N. Sine 


IL > Lg. | N : Tan, 
55 DEGREES, 


TIP 


35 DEGREES. 


54 U Sine 5. E. L. Sine Diff. Co ſecants. N. Df. N. Tan. N. P. L. Lan. Dif. | N 

Ka, 5735-794|11.19: 7585919 tec. [10.2414087|17434-463] 1 {tc [7002.075|11ec. [9.84 52268] 1 lec. 0 x 

| 115738-147] [97597717], 10.24 12283017427.229 e ee Tee. 

25740. 5290 97589519 8 10.241048 117419.997 beg . 73-46 7 44.5 0000 5 

| 3[5742-912/22 [9-7591323 $5:0333310-2408679]17412-773|120,2000/7975:9897,2.[9-8460332 44.00 
445745˙292 8 97593121 eee 10. 240687917405. 556 dee 7019.430 72.33 9.8463018 44. Sooo % 

j 515747-672] 97594920 29.983 10. 240508017398. 347 23 7023-773 72.35 9.846 5705 44.766665 

A578 [9-7596718],9-3,33310.2403282[17391-145ſ120.0.5 121 72.58½.8465 390 44.75333%, | 

— 57 52:4. 32|— 97598515 29:9 5000 10.2401485|17383-951 333 [033-2041 £2 ng Fenn 44-7 5000 a 

| $15754-$11 9.7600311 me 10. 239908917376. 64 bg. 5 7036.813|/*43]9.847 376047 5000 53 

0 5757190 — 976021069 3 10. 2397894 17369. 58 5 1197833 704 1.163 72.48 9. 8476444 44.7 5000 $2 

10157 59-568] 809.7603899 * 10.2396101117362.413 e 7045. 515ʃ(7=599.8479 12 4473333055 | 

85 5761-946] ©9-7605092 * nb. 10.239408 17355.2480119˙5333 7049. 869 73433 58481810 44-7 1660050 

112 $764-323] 22 — 9963877 22222 W 7054-224 FOE 9-8484492 44+-71666 40 | 

{12 5766.700| |9-7609274 29.3 5000 10.2390726[17 340-941 58-51 9.8487174 ee fg 

145769.070 9.7611063 6.816660 ˙238893717333˙798 119.1666 7062. 940 72.01 9.848980 44. 700000 

155771452 9/9-7612551 79.8% 238774917 346.663 119. 0500% 67.301755 5.349256 4 68333" | 

1x615773-927 S 97614638 hh es 10.2385362 17319-535 £35266 7071.664 72.05 0849 522614 68333 1 

175770. 9-7616424/29-70009110.2383576117312-414] 18.6855 7 6-68.75 8497596 44.686 

{1815778576} 9.251820 9.73143 10.238 179217305. 301 e 5080.395077 3.850075 44.666 66 5 

119 5780.9 50 9.7619992 eee, Ae eee 17298. 195 eee e025 8 = 

f2015783-323} 9.7621775 eee ++: 10.2378225|T7291.096 (10-4333 7089.133 72-00 9:8505931 44-63232 ” 

27 5785.696 9.76235 56/29 1520910.2376444/17284.005|715'37%7093.504 7283.8 508008 44633306 

422 5788.069219 .7625337 n 10.2374663[17276.921 118.1833 7097.878 72.85 9.881128 44.616066 uy 
35790-4400 ai => — —— 10. 23728847269. 8441 ee. 7104.253074. 5 5 

12. b «762 * 10.237 1 - 9500 - 91 © 60 

2315792-812] |9-7628894], "62... [10:23711090127262-774], 17.85.55 259.529 7255 9-8516637 > AFL 

1% > þ £31 1. 9.8 5193 12| <5 


{2515795-183 1 9.763067 . 10. 2369329172557 12 
285797.553, 9.76 3244709, 00 110-2367553/17248.657] 7729)7115.390 
27799923 797634222 Fe [10-2365778117241-60g 177.5833 119.7720731 .8 52466 14＋5832 30; 
{>3|5802-292| 8 9.763 59961. 92,2 30170-2364004/17234-560 117-4666 124-157],5 239.8527 3.3 54459666) -7 
29 804.661 19- 7637769 ah HEY 10. 236223117227.534 117.3500 7128.543 73-08 9.3530008 34.566665 
9-55 10. 236045017220. 5080177˙2333½7132.931 73.10 g. 8532680145500 


9.8 5249874583330 


39.45 


{-15807.030] [9-7039540 
242 — 29.516606 117. loco 73.1 30 
315809.397 — 9.7641311 3 10. 235868917213. 489 = pag LORE 3:8535352 44+-53333 5 
32058117650 19- 7643080 3 10. 2356920017206. 477 58 33[7141.712 13905 9. 8538023 4453333079 
235814132 J mw 7644849 29.48 310.2355151 199.4721 10: 666 7146. 106 TR 9.5 540694 $4-51906 27 
2215326.498] & 9.76466161-7-# 353110.2353384/17192-475 116.7 500% 150. 501073 2319.8543365/44 57 091 
2215818-364] 719-7648382[29-4599%110.2351618/17185.48417 70-0190 |7 154.89573.28·8540 344. 526661, 
365821230 9.765017 het 10. 23498 5317178. 501 116.587432.222 22 9.854870 % 48333 * 
— — 10. 2348089 17171525 23 24.50 


5823. — . 9.7651911 22 
3715523591723 8 — 7163.698 8551372 5 
38.582 5.959 9.765374 29 , 10.2346 326 17164. 50 116.2666 r 73.357 551372 44.406660 
9825.323099. 7655436 node's $4 10.2344 564 17157.594 [16,1500 
58 30.587 859.7657197 [oof a 10.2 342803017150. 639 116.0333½ 176.911 35 
41 5833. 50 . 7658957 9-35 10.2341043(1714 3-691 115.9166 7181.319043 9.8 6204244740060 
29.33333J10.2 339285 17 136.7 50 115.8000 18 .52017340|0 8264 -08/44-43333 18 

0 Rs W 2 2 223.50 2 44˙43333.— 

I 


9.8 554041 
172.50 '$ 44-48333 
3 573.41 4 5870815000 _ 


22 $335-412] 9-7660715 29. 30000 115 6833 
4315837-774[|9-766247 3/9. 30000337527 17129. 1 E 0.141 856 
4384.13 9.766422 5/29.2666 6023357717 122.890 8.9% 7194.554075 539.8556344 10 
| en) 29.26666| 7 115. 58473. 5˙5 5790039. J 
4515342-497] 89766598 5. > 6666] 2334015117 115-970 5·4 500% 198.9707 3˙5 5.857 270444•41566 
40,5844.857/89•7667739/.23223J332252½7102.558/18.28857203˙387 73.67%.8575368 44.4666 
475847.217 97669492 29.278880 23305817102. 152 18,000½207. 806 73-01] 8578053 1144-49900} 
485849. 949-577} 976721244 mee 10.2328756|17C95.254| 15-1000 7212.227/73:95 + $7 80604 44˙38333 5 
40 5851. 9366 9.7672996½29. 20000032704 77088,362 880 72 16.6 50 L 9.583357 2438333 TY 
854.294 19.7674746|-2 72920110,2325254/17981.4781114-8666/,,,,,05,1737 19.2586019/4%32333 
0 29.166666 7 7 5in - c19-£ 50001 10 

51(3356.652] ©/9- 767649400122 10. 232350617074. 60101147333 722 5.502755 9.8 588680 4430066 
5258 59.010 29. 7678242 n 10.2321758|17007.730 114.6166 7229.930052 0 [9.8591341 4443 5000 
$415361.367] 9.76799 89 11883 10.232001 17060. 8671145667 34.30 103.800.8594 43 5000 
545803.224 19-7631735129.10c00 . Ny 7235-793 44 $19-8596661 bs 
55 5866.080| 19-708 3480 29.08 10. 2316520017047. 160 8 7243.22) L 98500321 44.31666 
56.5868.435 9.768 5223 8 10. 231477717040. 31801141666 45.6637 3˙95.8601980(44.33333 
575870. 7902 9.763966 29.0 5000 10. 231303417033.482½114·0333½%2 52.101 73-93 9.8604638 4431666 
[7 587 3-145] 89.768870 55 10.2311293|17026.6531113-93331-256.540 73-96 8665496 44, 30000 
55 275 4 2 r 10. 2309552 17019.831 213-8160], 7260, my 9.86099 54 8 
— 4 p 2 — ' 1 6 31 —2— 2 

Co ines. 8 L. dec. N. dec. hs e . 9 | 


— — 


Ses eeaeee 


— 


** 
ä 


$54] DEGREES. 


———__J COS 


| M 


© 
: 
2 
3 
Fo 
5 
5 
7 
8 
9 


PW 


10. 1515 508 


10. 1512826 


10. 1483363 


10. 1467320 


10. 145663 5 


35 DEGREE 8. 


Co- tangents. 


N. Diff 


N. Sec. 


N. D. 


101547732 


[0.1545044 
10.1542.356 
10. 1539668 
10. 1536982 
r0.1534295 
10. 1531610 
10. 1528925 
10. 1526240 
10. 15235 56 
10. 1520873 
10. 1518 190 


10. 1510145 
10. 1507464 
10. 1504784 
10. 1502 104 
10. 149942 5 


10. 1496747 
10. 1494069 
10. 1491392 
10. 1488715 
10. 1486039 


10. 1480688 
10. 1478013 
190.1475339 
10. 1472665 
10. 1469992 


10. 1464648 
10. 1461977 
10. 1459306 


10. 1453966 
10. 1451296 


10. 1448 628 


19.1499 
10. 1443292 
10. 1440624 
10. 1437958 
10. 1435292 
10. 1432626 
10. 1429961 
10. 1427290 
10. 1424632 
Aenne 


10. 1419 30 


10. 1416643 
10. 1413981 
10.141 1320 
10. 1408659 


10. 1405998 


10. 1400679 
10. 1398020 
10. 1395362 
10. 1392704 
10. 1390046 


14097405 


14019483 
14010. 860 


13967.8 52 


10.140333 


10. 1387300 
—ͤ— —u—4—᷑—, 


L Lang. 


F. Tan. 


1428 1.480 
14272. 642 
14263.811 
142 54.988 
14246171 
14237-3062 
14228.561 
142 19.766 
142 10.979 
14202. 200 
141934727 
14184. 62 
1417 5-904 
14167.153 
I14158.409 
14149673 
14140943 
I4132.221 
14123.506 


14106.099 


14088.718 
14080. 039 
14071. 307] 
14062.702| 
148549044 
1404 3-393 
14036.749 
14028.113 


14002. 24 

13993-636 
1398 5.034 
13976. 440 


72 
139 50.698 
1392131 
139757 
13925019 
13916.473 


13907-934 


3899.41 


13890. 876 
13882.3 58 
13873. 847 
13868. 342 
138 56.844 
13848.355 
13839. 869 
138 31.392 
13822.922 


13814458 


146.6833 


[4114-799] = 


144.5333 


144.3000 


143.8332 
143.1333 


5143. o 


141. 7 500: 
— . — 2332.04 


13806. 001 
13797551 
13789. 108 
13780. 672 
13772.242 
13763.8 10 


[140.394 2 


1 ſec. 


147.3000 
147.1833 
147.0 500 
146.9500 
146.8166 


146.5833 
146.450 
146.3166 
146.2166 
146.0833 
145.9666 


145.8500 
145-7333 
I45.6000 
145-5000 
145.3666 


145-1166 
145.0166 
144.3333 
144-7833 
144.6500 


144.4166 


144.1833 
144.0666 


143.817 


143.7100 
143.5833 
143.4833 
143-3666 
143-2333 


142. 9000 
142.7833 
142.6666 
142-5333 
142-4333 


12210. 233 


12260. 416 


142.3160 
142.2166 
142.0833 
141.9660 
141.8500 


141.6335 
141.5160 
I 41.400C 
141.283: 
141.1666 
141.0656 

— 


140.950. 
40.8333 
140.7160 
140.600c 
140. o 


12207.740 


1 lec* 


I2212,723 
I2215-215 
I2217.708 
12220. 204 
12222. 702 
12225. 202 
12227. 703 
12230. 207 
12232.713 
12235222 
12237.732 


12240. 244 
12242758 


41.45 
41.50 
41.53 
41.55 
41.60 
41.63 
41.66 
41.68 
41.73 
41.70 
41.78 
41.83 
41.86 
1. 90 


12245274 


12247793 
122 50. 313 


12252. 8 30 


1225 5.301 


41.93 
41.98 
42.00 
42.05 


42. 08 


12257. 8877 


12262. 947 
12265. 480 
122 68.015 
12270. 5 5 
12273. 091 
12275.633 
12278.176 
12250.722 
12283. 269 


42.10 
42.15 
42.18 
42.21 
42.23 
42.28 
42.31 
42.36 
42.38 
42+43 
42:45 


72285.F79.5 
12288.371 
12290. 924 
12293. 480 
12296. 039 
12298. 599 
12301.161 
12303.725 
12306. 292 
12308.861 


12311.432 


12314. 04 


12316.579 


12379. 156 
1232 1.736 
12324317 
12326. 900 


12 329.4860 


42. 50 
$2453 


12334-6064. 
12337. 250 
12339.8 50 
12342. 440 


123450440 
12 347.045 


123 50. 245 
123 52.852 
121179 


12358. 069 


12360. 6801s 


Lo SEC. 


10.08 663 55 


: Diff. 


1 le, 


Co- ſines 7 


99133645 


8191. 52001 


10. 0867240 


10.0868 125 
10. 0869011 
10. 0869898 
10.087078 5 
10.0871672 
10.0872 560 
10.087 3449 
10. 0874338 
10.087 5228 
10.0876118 
10.087 7009 


T4-75 
14-75 
14.76 
14.78 
14.78 
14.78 
14. 80 
14.81 
14.81 
14.83 
14.8 3 
14.8 5 


9.9 132760 
99131875 
99130989 
99130102 
99129213 
9.9128 328 


8189.8 52 


8188.182% 
$186.512], 


$184.841 
8183.169 
8181.497 


9-9127440 
9.9126551 
9.912 5662 
99124772 
9.9123882 
99122991 


8 179.824 os 
8178.151 
8176.47 0 
8174.801 
8173.12 5 
8171-449], 


I0.0877901 
10.0878793 
10.087968 5 
10.08 80578 
I0.0881472 
10.0882 366 
10:0883261| 
10.0834156| 
10.088 505201 
10. 0885949], 
10.058684.5|, 


I0-0887743 


10.0583641]| 


10.0889540 Y 
10.08904.39 x 


10.0891339 
10.08922 39 


10.0893140 
10.0894041 : 
10.0094943|, 


10.089584 5 


10. 0896749 


10. 0897652 


10.0898 5 56 


10.089940 
to. ogoo 366 
10. 0901272 
10.0902 179 
10.090308 5 
10.090 3093 
10. 0904901 
10.90 58 10 
I0.0900716 


10.0907 629], 
10. 0908 539 
10.0900450 


I 4.86 
14:86 
14.86 
14.88 
14. 90 
14.90 
14.91 
14.91 
14-93 
14-95 
14+93 
14-90 


14.96 


10.09 10301. 


1009112731 


10. 0912186 
10.913099 


10. 091401: 
10.09 14927 
10.09 15841 
819.0916757 
5 10.0917673 


10.09 18589 


10.0919 506 
10. 0920424 


4 — 
Co ſecants. 


9.9109 561 


9.91059 59 


519.9101444 
72 399000539 


9.90905 50 


99122099 
99121207 
99120315 
9.9119422 
9.9118 528 
92112634 


8169.772 T=. 
8168. 094 
8 166.416 
8164.736 
8 163.056 
8161.37 6 


9.9116739 
9.9115844 
9.9114948 
9.911405 
99113155 
3 


5159.695 
8158.013 
8156.330 
8154. 647 
8152.963 
8151. 278 


9.9111359 
9.911040 


9.9 108661 


9.910771 
9.9 106860 


99105037 
99104155 
99103251 
9.9 102348 


99099634 
9. 9098728 
99097821 
99096915 
9.909600 
9990935099 
9.909490 
99093281 
99092371 
9.909 1461 


9.9089639 
9.908 8727 
9.90878 14 
99086901 
9.908 5988 
92288022 


8 149.593 
8147. 906 
8146. 220 
8144532 
8142. 844 


8141.15 5 28.1539 


8139.46 


8137.775028. 18 
8136.084028. 18 
8134. *393128.18 


8132.701 
8131.008 


$129.314 6585 


8 127.6200 


8125. 9250 
8124.229 


8122.532 43.28 


8120.83 


$117-439 
$115.740 
$114.040 
8112.339 
8110. 638 
8108. 936 
8107. 234 
8105. 530 
8 103.826 
8102. 122 
8 100.4165 


99084159 
9ꝙ 9053243 
9. 9082327 
99081411 


99079576 


— L. Sine 


9. 9080494 


8098.7 108A: 


8097. o. 
809 5. 290 | 


$093.588 
$091.579 
8ogo. 170 


8119.13 28.30 


——_ —— 


N. sine 


54 DE GRE ES. 


K 


— 


j 


ls — SEELEY ＋ 


— ͤ K An i er AC an 4c 


—— — a * 


— ͤ—ô—ͤww-r i. 44. Les ad 
_ 


3 — or er ER earn rea 


HOY, 4 CD Es — 5 


— — — — — 
— 


ꝗ—è2w?ꝰœ — — —— Au fg 


36 DEGREES. 


Viit. | | 


e 


wy 


| = — I Tan N. N L. Tan 
MIN. Sine N.] L. Sine] Diff. Co- ſecants. N. Piff N. Lan. L Lan — 

M Hes . — — 6 GE 6} 1 let. $7265.425 4 lee 9. 8612610 T:Cc. 
ol!5877.853111.;9-7692187]. 1 ſec: 10.2 307813 170F3.01 DIE: i x 3 
589.206 9.759392 8.668637 57006205 113.4666797 28 725 28827 | 

882.5580 9.769 56621-0'9 eie 13.3 809 5 9˙ 862057826800; 
35584.370 © (9.7697399|25"950]10.2402602 1608582 13.450087 865 233750000 
4588762 3.7659 34.543350 1e. 300866 1998552 5[113.1166]7 03 22 3[74-15 9.862 5889/45 

| . 2.9. 7700868 20193333 10.229913216979.944 113-0166 v9 Es apt 9.3628 41 +4:23333 
[2301-964 97702601328. 14122:2297 399 20972-2711 122:883.3 — — 63 126 1 EXE þ 
ITED —=19-7704332|-55 >>| 10-229 5668 16965-50417 12-78 3317 3 a+ 0:86; 1848 4423333 
| 815896.663] [9:7706063]22359%10.2293937 16958.744]\ 12783317 305.5700436 38 86% 1660 
899.012] 8.77779 308.8533329 2269 51.995 112.5666 39500 hs 36 39 1 52/7 429000] 
95 325 61] =|9:7709522 28.8688 10. 229047801694 5,244 112.4333 74999 8077 9.864 7863 44. z 0 8 
0 9 89.771124 ey 5 10.228575½76937.554(112.333307518• 74-41 5.8644 4478332 | 
9 5898.857 9221282808.78335/19.228724016931.221 112.2166 4 74-432 4 105 4418333 
r 2822852987692 5.043 112. 100017 323-362174.4.6/9:864.7 2144-18333] 
IM AA Loy 25.7 6666] 10.2283374 16915.326] 11,983 3/7 327-$32174-50[9-$6497 5 5144-16666 
45588 5 9.771813 2873333 10.228 18 50ʃ16911.613 111883317 332-393 74- 5219-20 52408 44-15000 
[15 xt wget 9-7719874|*373333110.2280128/16904-907 111.7666344... 3553 4415000 
9 9.242331458333 10.2276686116891- 516 5345103422 74-0119: 20223594413 333/21 
15SEC] C868 33 geen TT884 556 5. 10% 669.8562997 116680“ 
79 592.476 . 77250338. 80 1˙227496715884.530 7114333 4.69 77768 866 8634 1 
195972. 67 1185 · O5 10.2273249ʃ16878.151 6617 354-99 174.689.8665 1444.116664 
295924. 9 19772075 2128.633433 10.2277532(16871.479 111.3000185. 74.710·866829 4.11666 9 
220597763 So. 30288/25-01066 0.226981 5116864. $14] 71.835 7303-660 74-76,9-3070937144-10600 6 
235931249] 1977319" "128.58343] 68 10 $620[7372:636[74.8519-8676228þ7t 10000; 
*15934-189] [9:7733014 23; 266001 2206380120951: 502 10.866622 [LEE nſ44-08 333) 
. 7735327 1.226463 76844.85 110.7600073 774˙8.8887344.833 30% 
26159 30-530 3 ＋ 2.6 28. 5ñ 5000 10.226296 0168 38.219110 5 7381.620 74-88/9-20815171, 1.06660j% 
e I S 9.77404 508. 50000 10. 22 50 541016824.961 PR e's; 7399-611 74-93 9-3636804], 4.06666 # 
ot 1s.7742168],9-5600[10.2257832]16818-342/110416617395-110 ſa — 20894233 
29,57 0 © 975 28.4 3310.22 561240168 11.30 110. 2000073225110 8.1 — 228944. 0 
30/594 — e 10.22 54417/1680 5, 124 ee. 7404.113503 9:90947 31114-03333 5 
315950. 5006 lt 4 2 10.22 5271216798. 52 5 109.9833 7408.6 18 75. 08 9.3%9587J441666 
330535 9.774899 3J28.1666%.225707677.933 109.5660 732 #7 1019-27000 344.1666, 
33 D 9-77 50697 * 8585 910.2249303 16753.585 109.7666 SME» 7 9.375234 ©0000, 
34 9-7752399] 5 42222110.2247601116778.7 e ee 143751609. 44-00000], 
1 penneg fprremonſes Ieeegioaneste 167719929 Fooaa665512alp07o3etoond; 
by 2.775 6833773002244 9167 05 09009433315 27s 3 Bon42 a0l43-98333, 
37 | 9.7757 501], 053337 10. 224249916759. 070 109.3166 7435: 7 $+2C et g1+3-96656 21 
38 96 252 915.7759 1998.588885 10. 2240801 3 $17] 0019166 7440. a 04 5 : 36143-96666], | 
39 3 wo 219-7760897]-0 322 110.223910311674 5-970 109.1166 44472417 5-33 anda 40143-96666 = 
**1:973.-919] ©{9-7762593 28.268668. 374571739.43• 109.0007 4.5407 530.377 6043.9 506,1 
aa 2 44 1] [9.7764289 3 10.22357T1116732-397 108,883 4322-77017 5:49-272.37 —443:95000|— 
5 a 3 | —_ 28.2 478.2234017 16726. 370 — 1458.29 6 75-43 225894354775 90 
43038.585 e 28.2333 J70.2232 324/167 19.8 50 108.8833 7462.824/7 5,400.8729032/32333 14 
+4 325205 3 1 10. 2230631 16713.336 108.5666 ee 43.93333ʃ14 
45 2827 fiſt 4% 4 He So 10.2228940[16706.828 108.4666 747 1.886 75.53 e 43.9 O00 
46 32 25 9.7777 5008 333 10. 22272 50 16700. 328 2 747b. 420 75-56 8736230 43.916661. 
1 3 9.774439 e. 10.2225561[16693.833 108.2500 7480.956 75-0c19:27 39371 4.3 goood— 
= 5 4 6 9.7770128 —.— 110.2223872 15687345 108.1333 745.494 75-03 * 438833310 
5554 5.727787 7c 10.2222185 16654.385J 05.140494. 655078. ages, 
eee ene gg 8 6674.89 107.9166723. 57 65. 7e%e. bara bet. 86666) 
51 9977 Wo 9. 7781186 28.10c00 10. 22188 14 16667. 920 . 7499-119 75.7519: . ee 43.8666 7 
32 af $6: * 9.77870 2808333 10.2217130016661.458 e, 7503-665 75'76 9:07 $2736 43.866660 6 
2 ln 2.2784 853 eee 10,221544711665 5.002 107-60col,3 222 rel 9-3755355 43-$5000|—] 
= boob 528 2 9.778623 8 2 [10.2213765 16648.553 107-4853 7512.762 75.385 92787996 43-85c0c R 
* 6008.8 54 15778791617 55885 10.22 1208416642110 107.3833 7517.314½5. 86 3 5 4 850 
8 601 ke — 9.77 89 596 ee bag er. eh 3-073 107.2833 „ 0 9.3765880 43.833330 2 
57 5 / 9. 7791275080 322087251929. 24 30% 60217 526.42 3 5.939876 58 443.8166“ | 
58 8145 Y 24. Q 27-98 335 10. 2207047/16622.8 19 50 e. 7530.98 75.96 9.8708515 43-81666| , 
„ e $466 Þ 0 64012 7-96666 10. 2205 370016616 4010197 7535-541] —[9.8771144 81666 
{5c 6018. 150 10-77 3 27.9 5000 4 N 8 6 106.9666 Coz ts 43 MR” "| M 
[1 Colmes. Fw FL; Sec. |'N. Sec. 1. 2 


5; DB GRE ES. 


N. Sec. N. B. L. Sec. Di — £14 
| BR 1 ec. [10,0920424j1 1£ ©£19-9079576]8090-17 60 
112363-293)\43. 5 g(29-9921342 


© Co-tangents | 


912767519 


3 


10.1379422 
10.137676 


== 
3739.60 


4139-453 


112365.90c|, 
112398. 526, 
112374.14b 


12384-278], 


ser. 92226001 


10. 0923180 


19.092999 
10.092 5020 


[10.092 5941 | q 
10. 092 b862 : 
10.927784 


10. 0928707 


9.5722] 


9.9071293 


9.907373 


. 


- 


$076.47 


178. 1851; 


8074-754] 
073-038 


(43-55 


I 5: 
12386.911' dr 


1139-3833 10.929630 9. 9070370 


I cw os 


8 


—rů —ßv*— — 2 5% 3 33 mw 2 (2 
- 


n 


nnn 


rr rere 


42 


TQ 


FIT 


153 
1444 


45 
28 
17 
18 
FF! 


| 


4 20 


21 


2 
FR 
29 
30 


33 


35 
36 
87 
38 


139 
41410.3278877) 


44 


10. 1352895075 


10,13 5024 
10.1347 590 


610.1344947 ½ 


10. 134229 804.30 


10.133958 
1910.133700 3/1; 
10. 13343 50[*: 
10. 133170935 


10. 1329063 


10.1326417|# 3 
410.1323772 
110.1321127 


110.131.5840 


10. 1313196 
10. 1310554 


13571.934 
13563. 67 


13547162 
13538.918 
13530. 680 
13522449 
13514224 


[137-7333 
£3555#73 137.6466 


137.5166 


139•26b 


1139.1 50 


138.9333012 397.46 
[35 932 807.758 


138.0500) 
137-9500 
137-5333 


1 37-4000 
137. 3000 
137.1833 


10.130791 
10. 13052 69 


32/10. 1302628 


10.129998 
10.1297 347 
20.1294707 
10. 1292067 


o. 1286790 
10. 12 841 52 
10. 1281514 


10. 1276240 


2812 3456-832 


137.0833 


=[12410.704 


, « 0 12. 
138.266002473.355 


12392-1583 


4 


12 394-823], 


12389. 546], 


12400. 108 
124027 54 


12416.016 


4-75) 


4 


44.2 5 


44.2 
4'- > 


12418.67 $ 
124214343. 
12423-999 


; . 
44˙34 
44-3 

44.38 


1242 6.665 
12429 333 


44+43, 


44.48 
3 $8 3B 


12432-00J 
12434-675 
12437-349 
12440-026 


I 2442. 704 


13506.006 
1397-794; 
1 3489.589 
13481-390 
1347 3-298 
13465011 


1344865 8 


13432331! 


1.342417 7, 
13416.029 


10. 1273604 


10. 1249898 
10. 1247266 


£ 4 10.1 24403 13 — 50 


10. 12709683 
4510. 126833 


1333490 
13326.822 


1 


1 
136.6500 


136.3166 


23440452 1 36. 1000 


8.—— 

135.6832 
1355833 
1135-4837 


1134-9 500 


1134-433: 
1 1 343332. 


134.1160 
134.016 


136.9666 
136.8666 
36.7500 


136.5333 
I 36.4 500 


12445˙385 
12448. 069 
12243 
12453-442 
124506.131 


136.2333 


136.0166 
135. 90 
135-5000 


135-366t. 
135.2660 
135-1666; 
135.066t 


I 54-8 500 
£347 333 
134-033 


CIS TITS 


134-216t<] 


6 125214357 


12458.823 
12461518 


ol 


12464214 


12466.913 


12472.317 
TREE —— — 


12469.614|, | 
45-05} 


44-50. 
44.53 
44-50 
44-01 
44-63 
44.68 
44+75 


44+S1] 


1247 5-022 
12477730 
12480. 440 
12483.152 
1248 5.866 


1249 1.302 
12494023 
12496.746 
12499-471 
12502.199 
12 504-929 


1 2488.883048. 28 


45˙ 08 
45-13 
45-16 
45-20 
45-23 


45˙31 
45˙35 
45˙38 
45:41 
45-46 
45-50 


10,0902 


N 


12507. 661 
12510. 396 
12513133 
12515872 
12 518.613 


45-53 
45-58 
45-61 


10.0930 $54 


$[2&:093 1478 
- 20. 09 32403 
190.6933329 
610.0934255 X 
190.0935181, 
o. 936108 ; 
10.0937036 
205.5937964 
4410.938893 
9.939823 


10409407 33 
10. 0941683 


10.942614 


10. 0943540 
10.944478 
10. 0945411 
10.0946 344 
10.c947278 


10.0948213) 


10.949 148 
10.09 50084 


10.095 1020 


19.951957 
10.09 52894 


10.09 53832 
610.0954779 
119.0955799 
10.09 56649 


— 


10.09 57 589 


10.0958 530 


10.0959471 
10,.096041J 
10.0961; 59] 

29H 
10.090 3243 
I 0.0964187 
10.0965132 
10.0906077 
10. 0967023 
10.096796 
10. 0968916 
10.969864 


10.097 3661 
10.0974611 


4565 


{56 


10.0975 562 


! 


100976514 


10. 0970812 


10. 9971701 
100972714 | 


15.38 
15.40 


154 7 


15.53 
15-53 
15.55 
15.55 
15.5b 

A 


5.59.9059247 
Ke 9-905B317 
15.53] 2257300 
—= 9.956454 


9.90694.46 
9.9068 522 
— ͤ6—— 


871.325 
$069.003, 
$067.855 


1}8oþt .16b! | 


9.9055522 
9.9054589 
9.9053056 
9.9052722 
9.90527 87 


9052.389 


8o go. 564f. 
8048-9351; 


. * 
— 


> [>>> 


8047.21 


8043.7 56 
$042.025], 


do 
A. 
— 


doo. 299 


$038. 569{28.85 


28.81 


3 


15-58 
155 

15.80 
15.60 
15-61 
15.61 


9.90508 52 


9. 9048043 
9.9047 106 
99046168 


9.90499 16,8 
9.904898 


5030.83 5 


28.8 5 
107428. 8 


42 8 


> 442 WI Gi 
»w 


1 


N t 
— 


Go 
© | uo 


15.63 


15.66 
15.68 
[15.68 


15.70 
15.74; 
15-74, 
13-7 

15.75 
15-75 
15.75 
I 5.7 ©; 
1547.6, 
15.78 
15.80 
1 5.80 
15.51 
(5.35 
1 548.5) 
I5.55 


22. 


Co. fecants 


; 


- 9.99452 30 
1 5-0 319.9944291 
15-2 519.904.3357 
15.60% 5443) 


15.86 


99041470 
29248529 


802 2.969 
8021. 232 
8019495 
8017.75 


28.91; 
28.95 
8.95 
8.95 


99939557 
9. 9038 644 
9.903770¹ 
99036757 
99035813 
9.903488 
ö 
9.933923 
99032977 
9.9032031 
9.9031084 
9.9039136 
9.9929155 


8014.27 


8007. 314 
800 5. 571 
3 
8002. 083 
8000. 338 
7998-593 
7996-847 


8016.018[2$.96 


$012.53%29.,00/ 
8010. 797 9. oi 
$009.054[9.01 
29.03112 


9.00, 


29.0 5 
29.06 
29.06 
29.08; 
29.05, 
29.10 


9.90282 31 
9.9027259 
99026339 
99025389 
99024438 


7897 
7993-352 
7991.b04 
7989-555 
7988.105 


9.902 3486[7986.355 


29.11 
29.1 
2913 


| 


20.16 


29.16 


L. Sine N. Spell 


—— 


53 DEGREES, 


29.15] 


22 


e 


S| 
Sl © » 


37 DEGREES. 


MIN. 81 F * JIF - | : | 
MIN. Sine | Ls Sine | Diff. Co ſecants., _|N. DF. [N. Tan: TE IS Di” 
_©[6018.150|11,19.7794630] 1 fc. [10.220 ———————— — = 
lee 6 Fx de 10.2205370 16616.401| 1 fec. [7535.541 ined thc 
41 20. 0 O 4 | — 85 hi e k o 
215022.795 he hd 27-93333 5 3 106.8500 7 34% TOZ 948773772 # 
| 30602 5. 117 89.779965 5 27.916066 220201916603. 586 106.73 7544. 666 9.8776400 43-S000c|?! 
407.439 9.7 13280720000 10. 2200345016597. 187106.6 5 7549.2 32 6 eee, 43. Soo 
es e e782 10-2790 0721105297951 106. >". [7553-799 0.8781654/43-73333]! 
616032.080| |9.7804671 e, ee e e e 7558.3 09 98784281 13.78333 a 
— | [27 5000 , 030 . = 7562941 8 86 43˙7 333 3 
112034-400 9.7806341 210.2193659 1657 1.657 3 —— —.— 2.20 8 beter Ad 43-76666 
6036.719] 9.7 808010, 0 7106.271667 507-514 9.878953 — 
960 39.0380 9. 780967707 81606 50 ets. e 25 106. 11667 572-090 1. 8792158 43.7 660005 
641.35 9.7811344½7.78333 10.218883 16558-929]106.0166|7 56.086.300 987547824 3.733 3. # 
604 3.674 59.78 1301007733 5J10.2186 557575105. 900007581248 9.579740 738% 
604 5. 991 9. 7814675 2776666] 8 e eee 105.8000 7585-329 9.8 800031 43-7 50000 
13 6848.38 r 5325[16539.885],05-0%|7 590.413/7 ©:3519.8802654/4373333|4 
4600.82 [lg r8009]27-73333| 03703000) 19533-550705- 5833 7594-999176-4319 2505277 . 
60 52.940 7 OR 27. 71666 3 16527221 „ 7599-587 9. 8807900 43+716066["/ 
6055-255|5.19.7821324 267 ohh . 4 ot „ 7604. 177 909.8810522 43.716660 
60 87. 870 578 84027 2 14-501 7608.76 88 43. ooo 
e e 02177010 bees ese er urg 
— —— 27.6 5000.—. 18501. 7617. 88 43˙68 333% 
6062.198 7826301 105. 06667 959 [9-8018386|*- 342 
6064. 511 „ 2763333 ee £949 5-662 104.9666 7622.557 — 9.8 821007 43:03333 7 
6066.8 8 29.6166615,17242 16489376 7627.1 88 43.683330 
066.824 99 .7829614 10. 2170386016483 104.8666 27 1576.609882 3627 305 
6071-447] 97832922 e i 555 re 104.6 5007636303 9.88288 6643000 0 
602228 - [9.783457 5127-59558], 0.2165425 + ap 104.5666/7 040-969]7,.7219.8831484/43-66600), 
da, geg N T N ee pe wer E cs : _19645.577] 419.88 43.633330. 
6076. 069 782622 2228 104. 450002 / : 9 34103 : * [oh 
6078.379 71757 27453333 8 2103773 OT e 7650. 1880 * | 
bog. (9:79 370 18127-53666] 0/2102 122|16451-754) 04250017 054-800], g019:B839 338/23 03355 + 
6082.998 97841177 27-50000] = 2 65 . $535 765941407 9.88479 56 43.616600 
608 5.306 9.784282427·4833370.216 2 49.533 104.0 50007 094-031 9.8844 572 43˙63 330% 
6087.64 9. 7844471274500 a 57176/16433. 027 103.9333 7668.649 9. 884718973 .boucoj,, 
WE 7 TA . 27-4 5000.22 16426.796 2233/673. 2700797 43.616600 
6089.922|—[9.7846117 abs 103.8 500[2973:272|-..53(9:$349805/73" 3 
6092.229 9 2743333 5 : £24 2d ae 103.7333 7677-893 9.8852420 8 20 
;[6094.535| 9.7849 406741666%½ 5 10414-3541102.6343/7 002517 9.885 503 5/43-55333), 
6096.84 1 5 9.785 1049 2 7.42000 a 12 775 16408. * 103.5333 76.144 j 9.88 57658 43» 58333 2 
747355 8 93/10 3.466869 1.77 307. 10888 845885, 
36|6101.452] 6.78 54332/ 27305 5 3 103.333307596. 447.189.8862 878f 3.5%, 
eee PIE: 103.2333) 22 5212-886422. 660 
85 9. 125 abt 4: 89 5 „ pgs 7705.672] { 9.8868105 43:56666]—- 
6108.363] [9.7859249]*7:37359| 10.21 2/7 131103-033317 7 29-309 88707 18043-5500 
78 2140751ʃ16370.9 9703933375 J. ad 77: 22 
A 15 aft e 1 10.2139114 83648285 3 „ 77. 8875320 3 21 
85 99.7862 52227 ˙22335010.2137478016358.664 (025 „ . 7 0 
6115-270] 2286418777. % 8843 16332. 3 102-7333) 72423377 4619 2578554 +3-53335119 
306177.572 9,7 80 27.2 5000| —— [102.6166 772%,878)/ 9.8881165 4353333010 
F 97125791 921309 16346. 3 5 5733.5 —— 43.5166 0 
6119.873 978674247 335 /70.2 132576163 276782.533 30753526 . 
22ͤX . „ 9.8886 38543. 5c 
6124.47 3] 9.7870687 SPROO 10 22h pry 3 8 102.3333 7742. 827 8 9. 8888996 43-51666 
6126,772) © q.-872317 27.1833} ee 7% 2D” 7-937 8 7747.481 665.389 1605 43. 50 
6129,071] 9.873946 27.160626. 2253 „ . 3804214143453 331: 
« 796 ee Bat 57 . 10.2 1260540163 15.688](1 52133556 6009894214 * : 
6131.369| © [9,78755 eee 102.0106 22877. 9.889682 3/4540 2332 
006 e, 572 776 Zl 333 
133.666] 9,7877202 277 ˙13335(10.212279816303 101.9333077974˙455 9.8899432 
6135964 9.7878828 2713333 ee $3 3 101.8333 7766.118 9. 8902040 43. 48333 10 
6138.260089. 7880453] 27.780 c ee 2 101. 16607770 · 7 da 9. 890464743 4666609 
52% 140.5560 .7882077 7833570 55 . 101.63330775˙445 9.89072 5444 8808 
ne: 5-165 2217780.117 '$0c086 1143-45900 
ese 10.211629906279.083 121 53330/,784.788 n 7 
6145.14) 07885323 27.066662 01.433 32. 9.89 1246804345000, 6 
5323. 10. 211467716273. 0030 — 2 — 43. 5c 
6147-442] 9.886944 7:03332010.2 1130 66016266.929 013333 7789.40 9.89 15074 3 
6149-736) = .7688 88 JP761880.211245 016260. 261101-2333]7 794-235 9.891779 434333304 
6152,029]= [9.7 890184 27.0166t],, 210 $92 35 85 hs 101.1433 7798.8 120. 9.892028 43.416603 
+4 bo 9.789 1802 26.98 333 5 3 101.0333 77031797 9.892239c[43:43333] 2 
5.61 9-789342c e 10.2106 580 16242,692 100.9333075 SHE 9.892 5494/4341600) | 
Co: ſines. ee een bl Tre I — — _9:59250g3 e Bu 
— WK — — __Co-tangents. n 


— 


52 DEGREES. 


* 


37 DEGREES. 


Diff. | To fines, N. D. 


— 


7 


] 


8 S8 Ales E 


— . IN Diff. N. Tec. [N. P. L. Sec. 
Co- tangents — ———— | | 272727 eat 3 Won 486|\7986.355 
7012288 56113270-448 11ec. [12521.357| 10.0976514| 22 — — 
— 13262.420 12524˙102½ 5.75 10.977466 15.8699 ˙9922534 2837 29.18 
10.122622 8 397 133.5000 12 526.8 504 5. g110.09784 19] 5,88(9-902155117992.953|, 
10.122 360013254397 133.7166 29.60 107010. 79372015. 889.9020628 798 1. 1009.21 

246.281 12529 8 9 5 3 
en 13 Wn f 133-6000 12 533.353 an 10.0980326]; 5,9019-9919674(7979-347 
$0.1210 34 PISISIT 21123-5000 12535108}? 110.0981281], 5.9119-90187 19/7977-594\, 
2 er 133-3533 12537-365 45.95 10.0992236|; 5.91 9-9017 784-797 54008 29.25 

10. 121309 2 — —  — —  — 22 9.901688 7974084 
— i 12 540.62 5 10. 09831921 5,93{9-9© 29 
— 400-208 12543-387 46-04119-9984148]1 5,93 9-9015252,7972-329129.25] 

IO.1207542|T 3 : 133-1000 12546.151)* 7 2110.0985105 15.9 519-9014895 7970.57 
10.1205219113199-4141122.9833),2 218.0774 *10.0986062] 2 2219.9013938|7963.81 5 
10.1202593|13190-441 13853533 eee 46. 10 10.098700 FAY 9.9012980|7967.058 
10.1 199999 fp 132.7833 „ 2 10. 0987979 7 — 9.9012021[7965-299 
10.1197349| 1317+ 31511 52.6843]22=2-[40-15| == ot 15 63.540 
— Pun 2s © Sa 12557. 229 10. 09889381 5.989˙901 79  |2 

EET wes 8 jo © 23- $060 3 oy 10.09 89898 1 e 9. 90101027961. 7 80 
1141191192100 1315 668 132.4833 12 562.782 - : 10.09908 58016. 0009. 9009 1427960. 020 
lis 10. 1189478013150. 09 132.3666 68. 862 * 10.099 18 1916.01 9.9008 18 17958.2592 

868 56013142731 12 : 6. 

1 10. 11868560713 801 % 2568.345/46.28 10.099278 1016.03 9-99072191795 497 
17 _— 70 e 12 571.129 5 8 10.0993743]16.03j9:99902 5717954-735\29.: 
13 [10.1 ten 132.0039 ——— A nn 05294|7952-972 
— e, eee 2. 916 10. 099470016. 0 59 ·90052947 2 
191011765730 3111.40 758512 570.05 410.6995669 16.59.9433 179 51.205 
20 10 11775 ee 446 131.8666 12579.497 1 K. 10.099663 30 16.0609 ·9003367 7949-444 
: 118.4784 275 3 85 2327865 12582.291 4p ty 10.0997 597|16.06|9-990240317947+279 
;\ 22 [10.1171134|13 33 131.6833 1258 5.087 '22116:0998562|16.0819-9001438[794 5-913], 
„5 22 10.1168 5160130 7-345]131.5666 12587,88 5[42-02 10.0999 528016. 10.9.9042 7944-440029. 
9 24 [19:1165897113979-457]1 33.4666 72 590:686] —=|[16.1000494|16.10/9-8999 $06/7942-379 
| 25 8 3 131.3660 1259 3-439 3 10. 1001461 16.11 EL Ar 
610. 1100902 *+221131.2666 | 7 . 8 899757207938. 2 
339 ; 4 10. 115804401305 5. 828 123 1259. 294 I0.1002420116.1119-2997 37 

_— 

29 


1 


rn 


1 
4.8 


133. 3000 
133.1833 


See Wa (> F)? 
— 


1 — Xx YEY- 3/7 


132.2833 


— * 5 > ASS. Ab 


; > 
> 


— 


131.1833 102 510. 1003396016. 1309. 89965047937. 74/29. 
10. 1155428 $3047-904 131.0666 „ 46.80 10. 1004364 a: 9.599563617955+3%4] 29, 
1 % 48 {pt 130.9660 12604. 724 e 10.1005333\16.15|9-2994667|7933:533> 
3c) | 10. 115019 32.254 ess acmat.s 7 % | ntutus 7 3 > . S933] 
3c 30 e eee 1200. 539/5110630 316.769.899 3697 e hs 29.51 
9 31 rie 6 130.7333 12610. 3500 '9 10. 1007273016. 16|9-5992727|7929-99c 29.53 
e 32 10. 1144965 CS 997 130.6666 12613-175 46.95 10-100824.4|36.18/9-89917 56|7925-210 29.53 
7 3 1 eee. 130.5666126 15.997469 810. 10092 16.16.2009. 89907 84 1 29.55 
20 100.1139730 , 48 177-0310. 8 09. 8989812792467 
5 4: I0.1137122[12993.0S1 139-40 33]12618.320 I10.1010188|16,2019-8989812179 
4 


3 1 0.387 3 47.05 3 6 2 * 888 07922. 896 g 2 
36 19.1134508 12985.205 Oey» 1206 1.047 I 10-101 119011 6,20/ 0 TIENES 


_ 


t 
nl 2 
. ⁰¹ wm ͤ ⁰— m A IDE” — 


_ 


H vv t 13 


— Un 


A *S 10.101212: 16.21 98987867 7921.121020. 8 
2: 3710.1 1 e hot 130.1333 e 1 102095805 16.23/9-$98689317919-345 bo 
22 138 10.112925 12909-04911 30.0833 12639.140 47-19 10. 10 1408 1016.2 309.898 5919 79172869 29.60 
2] 39 [19.1126670|12961.950 129.98 33 1263297 5 7723010. 10150 5616.2 59.89849447915.792029.61 
20 40 10. 1124058 1 . 129.8833 12635.8 130472510. 10160320 16.269.898 396879 14.014 29.63 
10 | 41 |10-1121446[1294 3 129.7833 12638.65 30773010. 1017008016.2609. 898299279 12.235 29.65 

1 42.41 8838012234 122. 2 C eee 9.89 820157910.456½ 9,660 17 
— 2180.111622 5 129 30.713 - — 2641.46 280110129 5116.2849-29 lens 6029 5 6 
+ 143 [10-101 $11293 129.5833 12644341 37+3 10.1018962|16,2$19.8981038]7900.07 29.66]? 
16 44 |19-1113614[12922-94.3 '29- 500011 2647.188[47*[10.1019940[16.30|9.8980060]7900.396 29.66] 5 
15 45 190.1111004 65 0%. det 129.4000 12650.038 47-45 10.1020918 16.30 9.8 9790827905115 29.65 14 
4 461.1108395 e pF 129300012652. 890 45 ·30 10. 102 189716.3109.89781037903.333 29.7013 
5 147 0 rept 129.2000012655.745 47-53 10.1022877|16.33|9-$977123]7901-550[-9,,4| 12 
- = ai 12884. 182 . ol 238 5716.330˙897614307899.7 729.7101! 
10. 11005 ay + 21129.0000 . 1. 1024838 16.3 59.8975 16207897.983 
450 10. 109796001287 Tn 128.9166 12664.322 47-65 10.1025819 16.35 9.8974181 7896.198 29 75] 9 
1 OO SISA FAIOS:7 128.8166 12667.186 147770. 1026801 16.30 9.8973199/7894.413 
52 10. 1092740 eee 189.716/½12670. 05204775010. 10277 8416.38 9.89722 16892.62729.76 
5 501087490 1284 5-566/28-6333 12672.921]?7'7 110.1028767[16.38|9:3971233|7399-341129'76 
— 5849260128 2 Shs 12675792 1 10.1029751116.40|9-3$970249]7 859-0541 ,,-8 
„ 352 6 (228.4343 12678.665/+7**5|10.1030735|16.40/9-3969265|7887-266[,,.80 
56 [10.1082327112830 100), ns 1333 12681.541|+7***10.1031720|16.4119-3968280|7885-477129.81 
eri 628.2 500 12684-4194 '93110.1032706|16.43|9-3967294|7883-688|,0 8, 
58 0 2752 128.1500 12687.299|/+5-9®|10.1033692 16.4319-3966308 7881.898 
5910. 1074586012 97:09931128.0333 12600. 1821430 10.1034679 16.4519-8965321 7880. 108 29.83 
60 10. 107190212799. 416 4798 20. | 2 ——_ Nam me. — 

E. Tang. N Tan. Co-ſecants. E.. 


BY 52 DEGREES. 


| 


9 Þ Þ 
cow O —-w Þ Www 


+ 
We) 


So Oo 
Un 
— 


> > Ur 3 EN SA 


So — 3 — 


1231988 bay Ta « 


— 
— r WE 


38 DEGREE S. 


INN. Sine N. L. Sine Diff Co- ſecants. N. Diff. N. Tan. N. DB. I. Tan | Di. ge 
"Hd IP US e nts ee „ movin, pare” =eRe Ye-Uy — — |. . p 
ee if. 9.7893420] . 10.210680 16242,692| 1 ec. 812.3561 ſec. 9.892 8098 1 ſec. | 
101 907 780 Co 2 ö : — 6 A | 3 | — } cod ᷣ G— — | 
I 7698655 6.9333 ee — 160.735] $27-542)78, 101913939722 43.4000|7? 
13 6163-4890 9.789820 4720 1 20.650 ee 78.11 9-89 3330604 3.4000 . ö 
| 416. 788% {9,7 899880 76.500010. 10126 5 100. 54331.671 78,16 1235994 3.3833 
86 168.009 *[9.7901493], 622. .[10.2098507[10212.528 109-451-336 78.200,94 11407455 | , 
117.352 [9-79931 20-3333, 6896116 100.350], $3 305178 23/9 29611141, 333312} ; 
„ 221 26.8500 222 96 I 200-513} 00.250 754 1.0021.3 28 9.894421 3˙3 33] N . 
1 7572.48 2 97904715 1 10. 2095285 16200. 504 — — Ne * eee, >, 8143-3550 : 
} 81$174-936| [9.7906325 0 10.2093675 16194, 500 189 — 78.30 9096031714 3-3606 ; 
1 96177244 197907933 wg 3.10. 2092067 6 188.502 10.6885. 103075 ·3 22392 918043, 350 . 
166 279.512 219.7909541 EN 10,20904 16182 I 99.9666 8 80 3 98.32 9-4 951519 43-3500: 
hase 888.7921140 46.822 20388 52016276.5249-85560)864. 8075 470˙5954149;.3333055 | 
1 216184 284] 9.7912 784 ©7233 10.2087226116170,344199-796* 1264-515]-8.45/5 295971943, 333 307 
f . — [2:7912754126.7666 [0.20572406 a 2. 999 6666 7869. 224 8. 4 9.8959319 3-3333 4 
{13]©136.370[19-79143 59125-7500 10,2085641[10164. 56g} = ron ak. poet EEE 
$14 1 8.6 5 5 177915963 26. 10. 2084037 16158.600 99.5833 7878.649075 896481 43,3106 
118619 .939ʃ o. 79 2366.7 23 3½10.20 2434 16152.637·48330788 78. 5619-09245 73.376004, 
1:16 6193-224] © 9.7919468 7466, 8 * 6 PE 99.383300 3-364" 8.c819-2987 136 16607 
* e 9192991,6.900c| 29 0832]101406.680 X 37888.082 3.5. .8969714 13.3266 
112 * 9.7922267( 5573 70.2079231/16140.728199'7 3317892.802/7 5 6 5597312 ,300043 
— 222 (2 222352 26.665622 5734.29.33. E478. $19.89749z0|1 323000 42 
19/9200.07 3] 9.792 3968 Cc 20760 32016128. 84; — oo 248 Ln hog mae pr $3, J00c— 
120(5202.355| 9.792 55662655810 20% 899 0 478,732 87507 T3. 28330 
145 19-792559016.6334) 22074434 16122, 908008. © 17906.975]/ © 219.8980 104 43-2033}. 
21. 204.636 97927163 6.63; 10,2072837 16116.98009 9100521 78.78 243.2833. 
122 6206. 917 2 19.7928760 3 10. 2071240 16211.65798·8000 ee 78,80; A 43.2666 3 
1725727478 7977875 6.58357 206 964506205. 40 98.2106 7. 485J78.3 9.8537 39243. 268 6. 
2 ee 26860 10.-20b 8051 16099.22 3 2228. 2407 3b %. 8990487 ene 0 
1.6621 757 — 09.7 8 — N - 8 — . ILE 9 11— 43,2 i af 
E 528.25/ 6.753775 1.20 387835. .4766) 47.69.89 5695 43.250005 
i. 16248 4 3 35126.5332) * DOg00$1490087-42 31s 17935-379],8 9.899507 7 3.25 34 
722 e 7]26,5 325) 0-2963273)26081,528[0 "323317940.127 Ogg 9.899827 19322599 4 
128022959 249-7933337 6 10. 2061683016075. 04000 7944.860795 43233, 
3 8.793037. Se 19.2060093 16069 75719991333 — 612179-0 990 8683.233307 
zz 466 2E. 5 i 2598.0 500 7949.014 99.1 9,9003459 132 
— a 9:7941999126.4835 10,2058;04|10003.879 > Ys 9 gookog [732335 30 
2 33——ÄkͤE4 - 97. 579712142 a 64 | 
2210227-42 3j—19-794308 3[ 6 70. T0.2056917|16058:008/= . f — 
4229.6 . 7944676 6.4 50610, 205533610052. 78.277483. 27660, 
33(9232-974| 19 Oe Pa}, 2053746 16026 28,197 179.207 9911257147 20: 28 
346234245 S [=o 33310.20521 59 16040. 4267 6833797 3.3747 725, 9-90 1303914 3-2264; 7 
135 6236.522 4 * 10. 2050575 16034.5% 75833 978.4347 * 422 3.20 155 
139 6238.796 | 10:2048992/16028,734 92.4125 7982.89 5 — 1 43-1837 1 
37241 06g -110,2087616/16022.896| 230 Fr. 68% AE — 833. 
42216 © 17 957-959]. .49-99224195 3 
438|[925 3-342 10.2045829|16017,064 97+39001-992. 3-40 $014 3-19 33 
622c.6 o ee 0c 992.425 4990267867 22 
32 34508! 10.2044249|16041,237|97*722012997.293 79-4513.902 £143-1833],1 
[510249385 4} 10,2042670|16005 416 97.786465. 5]; 240 ih 1 43,1666 
4 27 10.20395 14/1 5993-790 ES. 8014. 524] 9:53 5 13.158978 
343 52 54 656 <[10.2037938|15987.986 I ˙ĩ ory tg 771 
45 58.285 10.236362. 5984. 7879673330802 1.667/79˙85 * ·[˖[̈„ö e 10 
125 *[10,2034788|15976, 394/90 $500|B02 5. 449%. 9.90445 764,7 333 15 
146 10, 20332 145970. 0609 . ny 9 9047497 ge FP 
420% 1% 03164 f 5964.844006. 6805.448079. 60g. 90508 43.7073 
14 : Io. zaogc oo 159 59,045 96,3666 804c.2006 79-791, 90 26 5 431333 12 
— 21 ———.666 22179.80]225297*1 13.2166] 
| 10. 20284990159 53.2760 —— 8044 997 —: Ss 2 ot 
i Jo. 202692 15947.511 96.2000 (79-8 82 43.176600 
9159475116587 497925 881929957885 
E 10. 202 f 36001 5941,71 ˙ 833 £84179 43,1000 
42” 941732}'s 54.584 9. 906043107 if 
E 10, 2023792159 35,99 6900080 59.382799 7% 90630331 
| 33/10,2022225)4 5930.247195'91661]8064.181}/ 9199] pot 71437000] | 
| 34 6279-631 110.2020659 15024.504 58166 068.985; 7.54% 68x 82/43 1090 
55 528 7.894 * —:. Yet Fs dn 80 3. 78 LO OJ 4. ——— (43-0533 
| 366284152 se. 2027 5300159 13, oz 305.633 38008. 593 $0,06/0 907*7113]41.0833 
52 86.420 9 798403 6. 666 10 202.5966! 15907. 306]95+55© 1808 7 o. 10 9 73357 43.0666 
26.066 201440415901. 584/9054500 Ne $0.1 eee oe 3.0666 
; 10.2012842]1 5895. 868/95: 366 809 3.02 5 ee. 906170 4·656 | 
10.201 1282|15890.157195/2006 $097840j =>? n | 
3 aged "RNS Co-tangents 
51 DEGREES. 


38 DEGREES. 


IPN. Sec. N- PI L. Sec. | Diff.. N 
Co- tangents. N. Diff. N. Sec. N- D} L. Sec. | Diff. BE ©” nes. 


a 
* 2 0 
— 
* 


"Y 


10:1071902|12799.416 Ii ſec, 12690. 1820. ſec. 10. 1034679 1 ſec, 9.3965321)7880, 10 —— 


re |; me a 8 370.1035666 9.8964334½7878.3 169.8666 
..... Er TE 
256.410) 2772 0122648:845|48. 16617 9:1937642|16,466619* 599235917 74-732129,$606 
v0 cet g g 127684462. 000) 120n.737/48,x00[19-1038631 16,433 319-3961 36917$73-9391 29.8500 
d 632048. 8010. 1039926. 5000 29.9000 
10-1058886|12763.v16þ, ,5 4g .112704+632}48.25 | 5 8 394786 
10.1056235|i12753-473 For 12707:529]48-253}42:1242971| 16.5000 g- 65 3255 rtf 29.9166 
1041053683 12745-335|127.300 12710. 429 48.335 33 10.104102 16. 16.5 18609 Ml. 44 862. 555 29.9166 
10. 105108212738. 204 5 182ʃ12713.331/48.360 10. 1042 59416. $533 9. 4 78635 42 2 
10. 104848 1127 30. 578 e 12716.23 548.4001. 1043586 16.5333 9+ ES 414 7863. + 
4010. 104 588 112722.957]12 ae 1279.142048. 450 10. 1044578 16.5333 9.89 $5422, 7880. * 
112 10. 104328 1012715342 9 12723. 052048. 300 N 16. 5 500 ee 7858. ho 29-9066 
12 10.1049681112707-733|126,816 12724-963}48, 516165; .5666|= ä — — [29.9666 
131. 10388212700. 130 126.716 1272787748. 56 LY oy 116.5883 8875. 33 7854-970 983. 
14/10. 1035483012692. 322656221 73˙7 9448.6 16 +44 0.4. 16.5833 "ay 3 i £2. £60009, 
OY 10. 10328840126 84.940126. <6 12733-712/46.633110 1049550 16.5837 4 14446 78517 0 39-0166 
1; 6110.104p286[12677-353 146.435 127 36.634,48. 700110554) 16.61663.8943453785 — 30.0166 fe 
210. 1027688012669.) 226.0127397 48. 71601. 1031 54376.60000˙8943457 7349.56, 30.033 33 
12476. 39912662. 125½126. 286.242.428.283 16,643 eee l 
758 101024493 126 54.6260726.166 1274412 48.800 800 10.1053 539 16.6333 93946401 7845-961 30. o Soo, 
2010. 101989642647. 062 . 12748. 343048. 5000. 1054537 9 3248465 FOO Ee 30. 06 
2110. 10173000126 39. 503 ma ga112751-270148.883 10.1055537|.6 666619 2 3 
2210 1014704(1263 1.9 50 125•3835/½2754.21248.933 310.1556536 16.6 5009 2992404 7288.57 30.08 33038 
13 10.1012 Yo8$|12624.402 112757-$5114.8.98 3; 2 16.683309 1 886 2044000137} 
24301009513 12616.860 1226.091049. Oo0 —.— 53816.68 325 9414 2 bj 
5 10.1006918|12609.343| 6761276303449. 500.1089539, 76.683303. 8 7833-320 39-133 527 
26110. 100432 3012601. 792 61276 8.980049. 100 10. 1060 542 16.7166 9. * - 30,1166(3% 
2710. 1001729012 594-267 de 12768.928049. 133106 1544 9-893 45617932: 502 30.1003 | 
|. $110.0999135|12 586.747 8 12771878049. 16 10. 1062 548}. 9.893745247 929-7 


— 

4 

L 
te! 


tol 


— 


- * 


Ia . 


* 


U Ha 


— 22 


Ow 


* 
> 


1 

ww 

W 

G0 

VI 

GI 
2 
. 

—ͤññ2— —„—t— ——2— . — OO ENTER 


— 
WO | CW un 


30.0833 


UI Go 


| a 16.7333 64181782 7.8 30.15 32 
; 2533312774831 10. 10635 62 9893644807 927.592 
10.099654 [128792325 774·83149.216 16.7 
100993948012 571.72 125-250 2 eee 5885 f 5 5 9:393544417326.08 
O. 1065561 22 a 
210 10.0991335(12 564.219 127 0:744]49.28 3/7 35927675 98 
[3 10.0988763[12556.721 121080 1278370549. 3 5001 2 16,7666 -$93343317 222-45) 
I .|£0.0986170|12549.229 2786.667049. 30601-1067 5746. 20. 210 
33 a 5 124.866 68 783310.892141 78x8.837 3 
34 10. 0983578012 541.742]. 58 12789.632049.416 10. 1068581 16.7833 * 119 81 dy 13 
3 10. 0980987 12 534.260 "haz = 12792. 600 49.466 10. 1069 5880 16.783 31g 2 $454 wee 5 | 
[36 10.0978 396|12 526.784 3 12795:572149-500 e zee eg 7 39% 33 = 
Hes zer 2210.41 8. 10. 107160 9.892 : 390 — 
35 — W 2805-918 — * — 4 .2527285085 1-574; 
* 4 ee PRE i 8 O9. 571. 
3910.09 70624/12 504.388 124-439) 12304495149. 6 Ds 3 16.8333} 2 325355 2807.94 308 
110.0968034{12496-943.3 { 12807. 47 5149-666 10. 1074635 6.8 98925365 940er 
40 < 124. 250 Vx 10. 107 6 0 1 33349 8924334 7806.12 3 
4195442484842. 15281  $97149-700 2 20 16.8 500.8043342 7804. 304 
1210.009628 5612482. 040 12813442 49.750.187 2658] - 66128 ot an Þ | 
DS e 727 e — 0 1077671 —— 9.3922 3297 802.48 Peg rec 
"= 12.6737 —— 0 128794479 ww 1.28664 158542276 A 
P | / .. . 0 8 N ö 5 
4509 55090124 59.7421 8 783 12822.412 49.333 r 16.8833 . Aves —— p 
46]© 00952503] 12452+320]  2.50ct 2 4704491501. 2877 26016. ce * 1827417 795.202 
47(19-094991 JJ2444.9 312.6762828. 2449.95. 18374. 16.9 266.8917 587793.380J0. 
48 Da 123.4 516] jet —— 00 —— — 16.9333 $916 2557 
8 128 o6 10. 1083758 — 9.8916242 N 
50 1009421550 — 60 123.433 125274225 . 10. 18474. 16.3325 5226 7739.38 733 
51110.0939569]1241 5.290] 23.2 fla, 48,50. 1201. 6854016. 9856.813254 1 
ü e 12843-428]:0,x66}"0 "1087828/76.9500 one: 7584.25 30-4166 
5310.09 34397][12400.515!| 844 12846440 50.200 en 16.98 * wy »$2.421139-4333 
£4110.0931812 146\1123:003112$49-45 10. 1088847 3519.$9911153]7 792-43 
54 r 3 12393 3 122 g? . 59.2 50 — 6.983 — | 
55|10.0929227|12.385,762 — 112852.472 22 282101039867 — 9.39 70733 7780. 60 a 
; bans + | 38 5. 122.900 8 * 50.283. 10.100088 es 890921307 778.77 430.4500 
56 10.09266430(12378.393 12416 12358. 49 159-333}; 0. — 4 yoo gn. 4725 al 
57410-09240 59[12371.9J0 GOO 53.514} 50. 366: 8 e go" 1.0166 9 _ 2 77755 12813. 4606 
5 58 10.092 1475112363.672 13885632 12861. 39 50.416 0. 1091929 27. 761660. 294 Boch gue 30.4833 
/ 55(10.0913891][12356.319 201 12864566 50.450 10. 1093951 47.0333 9 75 . c 30. S0 
| 60010. 9 16308012348. 22 55 12867. 5960 10. -T094974| 3.3 .2905026 —— | 


— ——— 0 1 . O0 0 2 7 
#6 | | L. Tang. N. Tang. 1 Co-fecanrs 25 12 L.-Sine N. Sin. — 


wi | | FE 57 DE GREE: 8. 


r 


125. 5.066 


— — 


124.516 
124 41 


— 


5 


2 
9 
* 
Ur 
2 
0 


&Slo — a þÞ wl aw on 


27 


„ * 


30 DEGREES. 


[MJN. Sine(N: L: Sine | Diff* TY 1 Co- ſecants N. D.] N. Ta N. D. L. Tan [Diff. ; 
* 629 3.2041. 9.79887 18 1 ſec. 10. 2011282015890. 157 ec. (8097. 84001 ſec. 9.908 3692] 1 ſec. 60 
3 0. 1 5884.482242 $102.65: | .90862 0501 oof 
12 ee Ftp 46 26.000 18883464 7297975 95.083 . $0.300 0.20888 58 ee 59) 
| F Pa hdd; © 19-7993394 F 10. 2006600615873. 058 er 8112. 300 30.386 9.909 1440 dot 
44 302.2428 3 25.950 det FEW 7 94.8 16 3 80. 400 9.99966 03-033 56 
| 5j0304-500] 9.79965 725.933 | 3493]* 366.0074.) 3308126.79 80.450 999031,3.016 55 
5 6306.7 580 2.222882 25.916 1. 2001938 „ 80.6 50 2222285 43.033084 
309.015 9.7999616 10. 000384158 50. 334 31.6110 5¼1 69.9 10176601653 
712309-015 25.900 8 94.5508 126 80. 51637 43.016053 
8063 11.272 9.800169 8.88 30.199883 1015844. 667 08 136.4443 4099 10434742016 52 
ö 9063 13.5280 S nes bob 25.868 $0-19972791 5239005 3 . ee 9.9106927 ee 57 
1063 15.784 804 72 5.8 50019957285 333480 4.28 307441880, 39˙9 209 507% 3. 00.50 
116318.0390 9.805823 25.8350. 1994 77 15827.) 94.28308155.95280,685.5272587 3.000 49}. 
1206320. 293 98007372 25.816 10.1992628 822.051 3 8155-801 80.710 9.97 14666 42.983048 
Bly 6222. — 9.800892 1 i v 10. 199 1079 158 16.411 e 9848 8160. 646 99.911724 5 | 
1319 322-547 25.816 . oo 80.7 50 42.983047 
: .198 $10.776|94 8165.493 91798 
FFIJTCTTTTTTTTTVTTTTTTT 914240942937 20) 
166329. 306. © 3 25-766 n 3 8735.25 20.866 een 42.966 44 
1710331-557] 19: wo 4. 25-750 89494 3793*9 93.6 50 "PN 80. 900 275 42.966434 
1806333.809 9801854 2 5. 716 . eee 93 Fl hehe ac 80.933 22222 42.966042 
7016 26.0990 — 9.8 198180 82.6800 2 2-[8189.7 6405 9¹ een PPE 
ese erz gets etese ee ebe fe 57352 fr e“ 
| 25.71 | , a a 1 
2106340. 5 59 X 3 685 355 3 81. 0 50 9.9137868 42.950 39 
2206342. 808 > > PIER 16 25.665 r KA + 15 85 de 93-200 ang 81.100 9 10444142.953 38 9 
2310345-057] 9˙8024355 25.6 5010 975045|1570043 893.2716082 14. 81.133 er 42.933377 
2416347-305 9-8025394]2 5-620 19.1974106[157 54-71 33 214:993]81.183 9-9145596 42.933036 
206340. 98027431 210. 1972 5691 15749.141 . — [8218.96 5 9.9148171 c 
256349853 25.616 | 92.9 50822 2. 84081 · 20⁰ 42.916035 
„„ 
27063 54˙046 © 2 2 5-600 e 2 116% 2.780 $233-597|$2-399 3 42.910033 
280358292 8 aa 25-566 IO 1066428112526.885 92.683 8238.479 81.316 fs, ++ 42.900032 
2 2353-537 „ 885 n ee, 92.583 8243-364 $2,306 3 42.916 A 
30] 3 0.7 21 es 25.550. 1 3 92. 500 81.466 2142.900 30 
po 6363. 0269. 80366377 1019633630 15715. 792 22 8248.2 51 9.9163618 88 29 
« 646 9.8038168|-5233[10.1961832[15710.252 92.416082 53.1400 459 9.9165 192 3 4280 
206367. 516J. 9.8039 699.55 16/10. 29603011 5704.7 17(92.33302 58.318483 9.9168765/12 93.127) 
3 98041228|*55:*|10.1958772[15699-188]92+259|8262.92; 81.566. 277338J42.88½26 
34 "T <9 | 25.483 : 5 92.1508 1.5 i 42.883 Ia 
3510371-998 809. 8042757 25.483 100.1957243 70 569 3-664 92-066 ee 81.600[9˙91739 142.883 25k 
36|5374-240] 2844254 5.4 5% 029557 16115055 14500 9831 181.63 3/2:927848 3] 42.866 24f 
—— —— rs #* io . 922 KN e — x 
7716277 —19. E20. 89 15682.63 1. 8277. bz r 9.9 17 οf⁹D sf zz 
376376.48 1 9.80458 11 545009549 5082 91.900082 3 81.683 42.866023 
eee eke e e erer eee 
39 . 899. 5.416 * 91-733|8> 02. 81.7 ; 42.850,*"} 
e se erg e ge 15666-12115 218292357151 go 8 e 
4117305442 8 3290 [25-383 10 2 6 35 15655. 1410905508 302. 160 12223 191912 aca of 
» (42]0387-678] 288422 25343012 5.366|—<2242572|15255" [93-450 C . See 42.8 500 
En —19.8 10.1945049[15649.658| —— [5307.07 5f5——. (19.91 I 18 
TTT 
5 7 „ . 8 a 16. 5 ; „ ; . 
45 6394-390 - 9.357995 23.31601;194 a0 8 91.216 $321.824 $2.000 ee 42.333015 
; 46 39 626 = _ % 25.316 By" $a" e 91.1 16 8326.7 56 82.033 8 be 2.833 + 
47106398-862] 9. 8061027 25.283070 93997 3115027+-779 91.033|g 482.083 992847 42.8 7013 
143 6401.097 9.5062 544 25.283 . 6 0.950 22 $2.116|2:9227329 42.8160 
e e eee WIE, 110. 871 — 8336.61 99209898 —— 11 
496403. 332 9. 8064060 25.2660793594 15616.87 90.8 500g 82.1 50 42.816011 
5 . . 2 . * 7 o 6 
25 
52 6407. 799 ER © 70 225.233 N 93 9 15 3˙9 90. 700g x 82.233 82 42. 800 I. 
216410.032| 3 |9.8068602 10. 193139815600. 546 351.41882.284½˙9 217602 $f 
1 8 25.2 16182886 11 606003 56.3 572˙28 30201042. 800 
53 6412264. 57 1425. 2000928855255 90. 5 16 2*:3571$2.316]9 922917 42.80c| 7 
54/6414-496| [9-807 1626]. => 122:1928374(15589-689 90 4 82.350.222 ‘42.7835 
page mayer neu” TOR a [—=— [7o. 5 84.268 —<2[8 366.2425 .9225304| —— 
FTT 
189.5 aft | 90.2668 36.136 23437 (42-7830 3 
76642 1.1899. 8076154 10,192 3846[1557 3-441 37˙13082. 4669230437766] 3 
580842 3•418 9. 8077662 28 133/10.1922338 15 568.035 90.185 838 1.087 Ont 9.9233004|[t? pou 2 
647] 19.8 695 133/10. 1920831015 562.6340078 386.0410 9.9 235570047830 1 
591642 5. 647 9.80791 982 5.216 „ e ee " 90.0168 390 e 2381 42,766 2 
2.22 9.828125. 70422 89.933225 — 4 U , 
| | Cos ſine r © jo Mt 


50 DEGREES. 


30 DEGREES. 


| Torrangents. N Diff. | N. dec. N. L. Sec. Dit. | Co fines be 3 

—— er nn ern ereaSE Ee . An ATT arSae —— mmm | — — — — f 
r0.091630812 348.9 |_! lec. |12867.596| EC 10.794974 x ec. 9. 890 5026 777 1.460} << | 60 
17 [10.0913725|12341-029]122.3833 12870.628 50.53 10.1095997[17.05 9.8904003'7709.629 30.51 57 


10,0011142(12334-292|; 22.2823(1257 3-603 $110.1097021117.0619 8902979 7767.797/zo. 

10. e W 961 „ 12876. 700 i po 10.1098046|17.085j9* 8901954177 5-965 * 57] 
10. 905978012319. 634122116612 87974050. 661˙1 09997 17.0809. 8900929 7764.132030. 55 
10. 0903397 12312.3130 122.0166 12882.782 50.7010, 110009717. 10 989999037762. 298 OT 55 
10.090081 512 304-997 121.9333 12885.927 50.7 5 IO.TIOTI23[17.10 98998872 7760. 404 130.56 5+ 


n. 510. ö 88978 50 7755-629]2g.c81 53 

10. 10. 0898234 12297.687 121.8333 12888 875 50. 80 10 1 FOAZSO 17.11 9.889785 930.58 
10.089 5653 12290.381 2 e $0.83 a js 17.13 ee 1 30. 58 10 

10. 0893073 12283.091 12 1.66662 94˙977 “50.80 10.1104206[17.13 Pak + 775 0 30.61 
10.0890493|1227 5-786 121.5833 12898.032 50.91 „ 17.15 2 1 30. 60 35 
11 110.0887913 122 68.496 121.5000 12901.090j- 96 10.1106264[17.15 9. 35604 775 wap, 30.63 48 
{12 10˙088 5334 12261-2111121,4166 $+90+15%:1-00 10.1107294|17.16[9: 80 - —— 230-6; 40 
12 110.088 122 2—— 92907. 213 CHO. 110832 517.1098591 757747. 00 60147 
14 1 . 23 1 eee . 10.1 1 12025 9-3 8906447745767 3 46 
15 10.0877 59742239˙389 „ 12913346 51.13 10. 1110388017. 20 9.888961217743-920 30.68 +5 
12 [10.087 501922 34.12 512 1.066629 10.480651. 18/70, 988885807742, 86z0. 66.44 
27 10.0872441|12224-866|120,984 3 12619-4839 33 AIIGSS LAH 9-8887547 2 2 7043 
ITE — .6 .2 319-388 b. I 
[ig diana an16 Manor a3 er ga ET Lat 7362 10er 40 
120 119-0364709216 0 885122072 e 39 
. -— ro ab had 12188.650 dee 129 34.892 * 10. 1117628017. 26 9888237207731. 027 3 38 
23 10.08 56980 12 184.4220120. 4506 12937·98051.40 10. 111866 5017.289 8881335 1 30.751037 
24 [10.03 54404 12174.19 (120.3833 eee 17.2.819-8850298\7727:3330.76 
ye may qu ar phos „ ——————__ cc... 28 8 | 
10.0851829|12166.982]125,2837 12944 145185 10. 1120740017. 3009.88 792 607725·45 930.7835 
126 [19-0849253 12159-709[120.2166 e 1.60 „ 17.31 1 1 30.781 34 
127 10.084667 12152-502|120.1166 as 51.6 5 3 1225 28 1 5 30. So 12 
Ee 1 TO So 8375108 7718.590381 31 
129 10.0841529|12138-102], 19.9500 9509-594 51:73). OF 9801733 3 A 30.81 = 

30 (10.0838955/12139-97<|119.5656| 29322725 1.76] 2 7:32 9.387406117712:24%}30.83]2 

| ——_ 62. 2 ——|:io.112698 1117.36/9-887301917714-395|30.85| 29 

13x [10.0836382|12123-753h119.7833 12923-7791.$3 n hel 39.85 
üBÿ—.ʒ—Z oe poRroan7rrodonnd 
1:4 1 eee n Seer . abies yp oh 9.88698 907708. 840 2 26 
35 0.826089 1209 5.085 54306 129752405198 10.1131154|17.40|9-8868846|7706.98612,, 00125 


= 8 7 17 » lol =} 


T 
ta 
* 


36 10.0823517|12087.924 119.3502 12978.—62 32703 10. 113219901741 pb us Lt 32 39.90 24 
137 [19-0320945 12080.767 119.2833 1281.487410. 113324401741 9.38667 567703. 278530. 900 23 


525 886 O1 
810.0818 12073-0615 12984.61412** [10.1134290117.4319-29957 70 7701.423030. 91022 
5 1 ada 1206 6.468 3 12987743 3 10.113533717-4519* $86466317 099-507 30.9312 
4010. 08 132310120 59.327119.0168 12990. 870 e 10. 11363841745 886361607697. 710 30.9502 
I 7 10.08 1066012052. 1900118 12994911 522 10. 1137432017. 09:8 862 56876958 53030.95052 
[42 10 882 28 118.2665 222-145/52.28ʃ5. 8424 7693-990[: 0.95) 18 
io C py 77 20 692.1 1 
Jax [10.0805 519|12037- 932 13000. 2880 ——[10.1139530 17.4809 88604700792. 137 30.9817 
44 „ 12030. 8 10 pry has 7 © ſpur 46 38 10. 11458017. 509-8859420 728 30.98 on 
[75 [10.0800379112023-693]118.6166/5 3999-575 353 1199-1141630117. 5019-3853370 7688.418031. 15 
146 10.0797 809 12016.581 118.5533 San wy 52.46 tak 142681[17.51 24322255 7 31. 00 = 
47 [10.079524032009-475|118.4133| 3016" 721$2-SHrG-11448515-2alg 41 93s +. 
48 j10.0792671]12002-3731118, 3666 3010. - 52.55—. = - 17.53 8 — 7 35 31-03} — 
; 10.0790 10211995. 270 * 13019.184| 610. 1145838 017.5509 541627680.973031.03J 7 
' wi 1 „ 11988.184 455 13022. 343 me I0.1146891[17.55 9.88 53109 7679.1 10 2 10 
[5x [10:0784966|11981.997]118.3166] 3528.86 7/52.68ſ 1.114865 17-5619-88 5205517077: 287.5 
52 10.0782 398|11974-01511 18.0333 130 1 752.71 0. 11490001. 58 2385 r 31.06 
53 10.079830 11966.9 38 117.9500 13031. . 78 I0.1150055|17.53 23 TONY , 31.08 
24 [10.0777263|12959-366], 15.2 6661232352937 2.84 | ee es 272235013 1-09 


10:0774696111952-799], 7555113938175] 10.1152268|17.61/9-38847832[7669-785]3x.11 
58 1 % 11945˙736 3 13041.349 94 4s IQ.1153225[17.6119- 8846775}7067-91 8131.11 
57 10. 769563 11938.679 117-6166 13044. 526ß2.95 10.1154233[17,63]9-5845717 7666.051]23.11 
58 [10.0766996|11931-626 117-5 500 13047-706 £5.00 10.1155341117.63}9-8344659 7664-183 31.13 
59 10.0644 301192457901 19.4500 13058. sa 10.115640 117.609.8843 59907 662.3143115 
60 10. 0761865 11917.536 117-3833; 330546 073 10. 1157460 17.65 9.8542540 2668.444116 
V QA Tang. N. Tan. „ Co- ſecants. IL. Sine N. dine 


50 DE GRE E s. L 


WW I. HOP 2. * 4 


Sto ww + iz oa Go 


40 DE GRE Es. 


- 49 DEGREES. 


— — 


NT NBT. Tan Biff 
* " þ Bas S 4 . * F * * An 1 1 ; 
MIN. SineſD. L. Sine | | __ Co-ſecants N. D feng no - 

8 9.508067 1 Ter ſec. 10.1919325|15557-238] tec. $390.996 1 ec 19.9238135 c. 160 
O . — — — . —ü—4—ê— —— 

, pragne a; BY Why wr way .1917820|15551.348 „8395955 9924070102. 76666059 
PER EC ET Hs CE Rt AT TOE ek 
2432.332409 25.066 14812 15541.08 108“ 840 5.87 * 19.9245831 acts] 

6434-559] = [9-$085188]Þ 066669˙ 1914 89.68 333084 10 84,132-71 9.9248396142'75 6 
3 328 wy 10.1913310|15535-706 410-0441, »612 924% 42.7 500005 
5436.78 5 9². 8086690 = 9 3 89.58333 8 1 812 2.7 02 0960 
+ 8088192 53333 10. 1911808 15530.335 8 1666 415 82.801? 925 42473333 55 
2 es em 58089692 3 n 39.471666 See 82.83 85 42473333124 
s 6h te 19d: 75579-51632. 5.75 9 39 888 . 24, 
70434010 9.509 1192 5.08601, 19% 88055519610 59.333334 j. 382.88 9.92586 52047333306 
4 6445-685] 4|19-8092691 5 58733 "7 1907309 e 89.250006 * = 82.91 9 95 15 42.733335 
5 190 00.904 . 82.96 42.7 1666 
6447-909] 29. 8094189 ren 155 89.166663 o. 68 8082.96.26 778 f 
9 > 6867 5010. 19043 1415503. 558 448883. 000˙9 377 842.7166605 
6450. 1320 9. Sog r 89.10000 '67501$3-00] © 66441 

25 6452.35 5 9. 8097182 3 10. 1902818 eee 89.00000 3 83.03 $049 rs gion a3 
20454577] [220950790 na 288.9333301 $3.03 |————=——142.71666|7_ 

= PI 4:23333 10. 189982815487. 5 5207 3455-043 3 9.927146 4270000047 

1306456.798 e 24.90000| _ » 8 8426 88.583333 8460.633 3˙13 9.9274028 46 

14 0459-019] , 9.8 101666 0 10.1398334]154 l 88.706660 8465.62 5 83.16 9.9276 590 42.70Cc00 46 

ere -g 809.8753 652J4.583 3307.789458. 3885666 8470. 62008 5.%. 9279 1524.700004 

4 646 3.460 9.8 104650 24.8 5000 10.1395350 8 88. 60000 847 5.617 83.2 5 9.9281713 42-70000 $2 

1-16465.679] 9.8 106141 n - ws 10. 18938 59015466. 280 88. 50000], 42 617 83.28 9.928427 42.68333 + 
216467.898 9.816318 "110.1892 369 5490-974 $8.43333|==—£83.33| 42.683233 — 

— = nt El r 673]25 . --. 9455-019] —=19.9286835 | ————; 

To(6470.116| 8109121 8 — 110.1890879 15455·73 88.350004 0.62483˙3 6%, 289396468333 0 

9 6472-334] 9.8 110609 24-23333 10. 1889391015450. 378 38.3 8009 ee. bt a 2227236 42.683334 

41 6474-551 by 2 3 4 5 88.18333 MEG: 53-45 . rere 38 
206476.767 899.8113583 4.58333 18864 088.1008065 83.487562. 

> 6478.984| |9-511506g 24.6886 7 ge . $8.01666 OLA 83.55 3 42.666 66 36 

24 648 1.199 19.8116 554 ooo! ee 2.93333 8575.684 83.56 2 ted oct 

25 et pt, a 73333 as (Hs n 37.3% $20,704 — 9.9304755 e 34 

261249 5-920) 120. 22 124.71666) eee e 279333852 5.7260 8399.9 307314 143 

27ʃ6487.842 9.812 1003 10.1970997|1541 3:44 51$7.68333 8 83.70 008+ 2142-05000 

27 X : 24-70000/10.1877516115408.189 530.7508 922 

286490. 0568098122484 24.683337 2.03787. 8535.77783˙73.931243 4273333 31 

6492-268] [9-312396<| *, ,--110.13876035)15402-937 8753333 67837809. 8 42.6 50⁰⁰ 

8. 6494.480 98125444 27665353245 3225 87.450 9 — 83.83 — 24 

31 6496.692 „ 24.6 5000 eee 15367.21227-35000 Rte Ae 1 42-23333/23 

6493.90 8128401 . y 283 $3.90 42.633337 
5 res, DO 98 129878 8. ws e eee „ 4d pen 83.9 4 106 42.516662 
e anhs HEE 
6505. 96732829 . '530187.03333) 4.03%. | 

3 6507-742 9-8134303 2455 328110.1865697 > ha} LF 9.288828. 84.08 9997723958575 5 

„ SOS © 9 N 61 1c0 I” 576.084 r. EE 
3719599-9521] [95135777], 2 10.19642 -3 155 86.883533 : 41100, gj42-20000,_ 2 

38 6512.158098 137250 ee 10. 18627 50 5558,65 86.80000 536.785 84.15 $64 14 42.60000 as 
39.6 514.366 £19.8138721 e 10. 1861279015350. 86.7 1966 8 9 l ed 4 42.6 1666 

4065 16.572 99.8 140192 32866 10.18 5980801534549 96.633330 . 84.25 9.9 343114042· bn 

4116518 778] [9.8141692] 3 10.18 58338015340.297 86.5666 ei $4.2 3 42.58333 13 

142ʃ5520.2340 2.814311 N —.1855862(18338192086.4 6666 — —— 84.33 3142-60000 5 

— n BEEN e 2 n geg Eu CEE 20 41 1 7 

430523289] 144.4833315 54 539,2 5096.40 C00 gs 12 84.36 t 42.583337 

44 6525. 394 = 9.8 146067 24-4 $500 190.1853933 15324740 86.3 1566 8616.51 84.41 9.935333 5 42.5 8333 15 

4516527-598] 519-8147 534 ie thoo I0,1852466115319.572 9.23333)9621 65115445 99355880 42.58333 14 

466 529.8010 9.8 148999 566 10.18 51001 1 36. 15000 8626.69 4 4.50 9.93 58444450666 

4710 532-004 9.8 1504040 1666 10. 1849536 eee 36.08333 r 84.5 5 9.936099 8 42.58333 : 

4806 534.206] [9.815192 eee 10-1545072115304-07%g6.00000 865655 954.5 42. 56666]—-| 
ery — un pitt fans RN : — 2| 

29 6 558 406 28752755 27272271 1845240 3 85.9—660864 7.46 37.63 9.936816 5456666, 
065 38.609 19.5154 544. 10. 1845 ö 3 5.83333 | 6 236 £2142-55000 

[21]5540.$10 S |[9.8156315 — 1018436350528 .637%.7888 . 34.71 W 42.506662 
$219543-019\6 19:215777 01. 1.35000} © 104222411522 3-4071$5.66666 $657.181+7510,9373765(42-55009| » 
5316545-209] ©19.3159233 24-31666 10.1840765 . 55.60000664.272 84.78 9.9376318 42.5 50000 6 

(54/$547:495] _[2:2200094), 1.3 1666/2212 39399] 15273:219185. 53333 Ted ten 0255009 — 

— I] 21522 10.183784 [15268.093 7-39513, 8819-93 os een 

VVT 

51. a : 3 : 92. . 

$5719 554-0021: 9 230 5400 1 4437747 e 85. 28333 IN 96 . — 42453333] 2 
306 5 56.198 19,$166521 10.1833 75,85. 21666 5 5.01 4253333 
2: 358.395 95167975 GR 10.1832025]15247-634 35.171666 — is 8 5.0 5 8 42453333 4 

65006 560. 590 9.8 169429 WY 33 10. 1830571 I 5242-531 85.0 5002. 22 42.533335 

— — — 24.2333 3 Ne. | Co-tangents SM 

Co-fines eee . DEC. CE eee, 


4 
6 


_ 


— 


qo” WY WL x WWF 5 SW iz 


DS. Av» AT. ARR. EE A 4 


40 DEGREES. 


© © wy tau 4 us N of 


— 
— 


1 — buy hug bay f tay 
© | 56A SSI 


Co- tangen bw 


N. Diff, 


10.076186 511917. 530 
10.07 59299119 10.498 
10.07 56734011903. 465 
10.07 54169011896.437 
10.0751604|11889-414 
10.0749040[11382.395 
10.0746476|11875.382 


I 17.3000 
117.2166 
IT7-1333 
I17.0500 
116.9833 
116.8833 


10.074.3912|11863.373 
10.0741343[11861.369 
10.073878 [118 54.370 
10.07 36222011847.376 
10.7336 59/1 1840. 387 
10.07 310960611833. 402 
10.0728 5340/1182 6.422 
10.072 5972118 19.447 
10.072 34100118 12.477 
10. 0720848011805. 512 
10,0718287]11798.551 
10,.0715726|I11791.595 


116.7333 
116.6 500 


116.5666 
116.4833 
116.4166 


116.3333 
116. 2 500 


116.1666 
116.0833 
116.0166 


115.9333 


I fec. 13054. 073 


116.8 166 


1309 5. 720 


13111. 860 


10.0713165|11784.644 
10.0710604|11777-698 
10.0708044[11770.756 
10,0705484[11763.820 
10. 07029240117 56.388 
10.0700 364011749. 960 
10.0697805|11743-038 
10.069 524511736. 120 
10. 0692686011729. 207 
10.0690 128011722.298 
10.0687 569]11715-395 
10. o68 5011011708. 496 


115. 8 500 
115.7666 
115. 7000 
115.6000 


115-5333 
I 15.4656 


115.3600 
115.3000 
115.2166 
115.1500 
115. o 500 
114.9833 


10.068 245311701. 601 
10.067989 5 11694.7 12 
10. 0677338011687. 827 
10. 067478017680. 947 
10.0672223011674.071 
10. 066966611667. 200 


10.0667 110 
10. 06645 54 
10.066 1997 
10.06 59441 
10. 06 56886 
10.06 54330 


190.0651775 
10. 0649220 
10.064666 5 
10. 0644111 
10. 0641556 
10. 0639002 


10.063644 
10.063389 5 
10.063134 
10.0628788 
10.062623 5 


11660. 334 
11653.472 
11646615 
11639.763 
11632.916 
11626073 


11619.234 
11612. 400 
11605. 571 
11598. 747 
11591927 
11585. 112 
11578. 301 
11571495 
11564.693 
115 57.896 
11551.104 


114.9160 
114.8166 
114.7 500 
114.6666 
114. 6000 


— 
114˙4333 
I 14.3606 
114.2833 
I 14.200: 
114.7106 
114*0500 
113.9833 
113. 900 
113.8166 
113˙7333 
113.6666 
113-5833 
113-5166 
113-4333 
113.3600 
113.2833 
I 13-2000 


10.0623682[11544.316 


11337·.532 
113 $97.54 
$259 3-979 
t1517.210 
11510. 445 
11503.634 


I0.0621129 
10.0618577 
10.061602 5 
10.06 13473 
10. 0610921 
10.0608 369 


113.0666 
112.9666 
112.91 66 
112.8 166 
112. 7 500 


| 


13144-341 


114.5166 


13 193.570 


113.1333 


112.6833 


IN. Sec. N. D 
eee, e 


13057. 261 
13060. 45 1 
13063. 644 
13066.8 39 
13070. 038 
1307 32:39 
13076.442|53.38 
13979-049]53.45 
13082.8 58 53.48 
13086. 069053. 51 
3089.284053. 58 
13092. 50 153.61 


53-05 
53-71 
53˙75 
53. 80 

3-33 
53-90 
53-91 
53-98 
54.01 


33˙13 
53-16 
53.21 
* 
33-33 
$3:35 


13095943 
I3102:168 
13105.396 
13708,626 


I3115.095 
3118.3 34 
13121.575 
13124-320|c 4.08 
13128.066 54-10 
13131.3161c4.16 


| Sec. 


10. 11574 


10.1158521 
10. 1159582 
10. 1160643 
10. 116170 
10. 1162768 


Diff. | 


Co- ſines. 


t ſec. 


9.8 342 540 7660-444 


17.68 
17.68 


17.71 
17.70 


19.1163832 17.7 


10. 1164896 
10. 1165961 
10. 1167026 
10. 1168092 
10. 1169159 
100.1170226 


17.73 
17.75 
17.75 
17.76 
17.78 
17.78 


10.1171294 
10. 1172362 
10.1173432 
10. 1174501 


10.1175572 
10. 1176643 


10.1177715 
10. 1178787 
10. 1179860 


10. 1180933 
10. 118120038 


10. 1183082 


13134568 54.20 
13137.82 3054.2 5 
I3141.081 54.30 
54-33 
54-38 
54-43 
54+48 
54.51 
5450 
54-01 
54-05 
54-71 
54.75 
54. 80 
54-83 
54-90 
54-93 
54-96 
55-05 
$5.08 
381. 
55.16 
55-2C 
35-26 
55-30 
55-35 
55.40 
55.45 
5 5-46 
55-55 
55.58 
55-61 
55.68 
$5-73 
55-76 


I3147.604 
13150.870 
13457139 
13157. 410 
13160. 684 
13163.961 
13167. 240 
13170. 523 
13173. 808 
13177. 096 
13180. 386 
13183. 680 
13186.976 
13190274 


13196.882 
13200. 188 
13203. 498 
13206. 810 
13210. 126 
13213444 
132 16.765 
132 2c. 089 
13223416 
13226. 745 
132 30.078 
13233413 
13236. 7 50 
1324.0.091 
13243435 
13246.781 


IO.1194158 


IO.I1195234 


IO.1186311 


[0.11387388 
10. 1188466 


10. 118954 5 


17. 80 
17.80 
17.83 
17.81 
17.85 
17.3 5 
17.86 
17.86 
17.88 
17.38 
I7.91 
17.90 


— 
(17-93 
17.93 
17.95 
17.95 
[7-96 


10. 1194948 


10. 1196030 


10. 1197113 


10. 1198197 


10.1199281 


10. 1200366 
10. 1201452 
10. 1202533 


10. 1190624 
10.1191704 
10. 119278 5 
10. 1193866 


17.98 
17.98 
18. O00 
18.01 
18.01 
18.03 
18.03 


18.05 
18.06 
18.00 
18.08 
18.10 
18. 10 


10. 1203625 
10. 1204713 
10. 1205801 
10. 1200890 
10. 1207979 
10. 120907 


— — — 


18.15 
18.13 
18.13 
18.15 
18.15 
18.18 


10. 12101060 
10. 1211252 
10. 1212344 
10.1213437 
10. 12 14530 
to. 1215624 


—— — 


18. 16 
18. 20 
13,20 
18.21 
18.21 
18.23 


10. 1216719 
10.1217814 
10. 1218970 
10. 1220006 
10. 1221104 
10. 1222201 


132 50. 2 30 


Co-tecants 


18.25 
18.25 
18.26 
15. 26 
18.30 
18.28 


0 — 


17.68 


9.833084 1 


9.9941479 
9.8840418 
9-3839357 
9.8833294 
9.8837232 
9.8836168|7049.214 
9.8835 104 
9.8834039.7045-465]2 
9.33 32974. 7043-590], 
9.8831908 70414714 3 


9-8829774 7037.960 


7058.574 
7656. 704 
76 54.832 
76 52.960 
7651.087 


7639.838 


9.882876 
98327638 
9.8826 568 
98825499 
9.8824428 
28823357 


7047-349]. 


7636.082] 


7634-204 
70324325 
7630, 445 
7628. 564 


7626.683 ; 


*2 
Un 
©9 


9.8822285/7024.802 ang 


ata 
9.8 820140 


9.8319067 


9.8815842 
9.83814796 
9.88 13089 


622.919 
762 1.636 


7013-497], 
7011.613 


7609.724 


9.8812612 
9.3811-534 
9.8810455 
9.8809376 
9.8808296 
98807215 


9.8806134 7590-498 
9.880 50 527594. 60⁰ 
9:8803970!7592:717 


9. 8802887 
9.8801803 
9.88007 19 
98799634 
98798548 
9.879742 
98796375 
98795287 
9.8794199 
9.8793110 
9. 8792021 
98790930 


760 5.949 


7607.8;7 
7604.c6 | 


7019.152 . 
9.88 1799276 17.208 


881691807615. 38 
9881691807 2314 


7602. 170 —— 


7600. 280 


7598.389 


7590. 820 —— 


758.920 


7583. 240 
7581.343 


7579-446 


7573•˙751 
7571.8 51 
7569.9 51 


9.8759 42 
98788748 
9.87870 56 
9.878653 
9.878 5470 
9.878328 
9.978218 


9.8778 896 


98784326 


9.881090 552.818 
9877999475509 171 


9.877279 


7568.0 50 
7 566. 148 
7504-246 
17 592.343 
750.439 


753.030 
754.724 


7 549-908 
7 547-296 


IL. Sine 


N. Sine 


2 


7587.03 103 
758513602 


7577.5480 
7575-b5e]? 


7558.53513 775 


— 
O 


» w þÞ wn | 


6A GEO 


Sf Tang. N. Tang. 


49 DEGREES. 


— 


7 


41 DEGREES. 


is kad; 


\O 

a 
6637.087|$,19.8219775 
6639.262 


6643.612| [9.38224042 23.6833 10.7778985 
6645-785] (9: $225403122.63333) 774537 
6647.959\ 8 [9.322688 3 23.668 66 „ 
66 50. 131 89.5228 302 3.6 5000 10.177169 
6652. 304 9.8229721 23.6 5000 10. 1770279 


Co- ſines 


00? · 9409480 
958412030 
9 9414585 
99417135 
909.9419684 
99422233 
669.9424782 


15116.,472|——— 8 


99455354 


23. 7 5000 
23 73333 


10. 1780225 
9.8221198 23-71666| 2775502 
6641.437|— 9.8222621|""—T666 10,1777379 


T$5037-297 
I5032.357 


66 54.475 — 9.8231 13823616661. 1768862 


{M;N. Sine 2 L. Sine Diff Co:-iecants. 
88255 11.098 169429] 1 ſec. 10.183021 8242-531 
106 562.785 19.8 170882 24.2166 10,1829115 15237433 
ger gr 2752s te 8b 1523533 
310507-174] 2˙8 7374.183330 3 65 n 
46 569.367 219.8175235 24.716660 . ee 5 e _ 

51057 1.560 9.817068 50 £661 19-1523315] 5217-007 
606573752 9.317813 4 10. 1821867¾15212,012 

9 4.13333 : 

657 5-944] —[9-$179581 10, 182041911 $209,942 
7 6878 a 818 8 24 13333 10.1818972 1520:.876 
. 9 181% 241,6 WSK 15196.815 
906 580. 326 9419-518247 24. 1000000. l 1 514 pe 
ro|6582.516] 019.8183919], $223 10,1816081[15191, 

$18536 10,1$14636|! 5186.708 
12|6536.895] j9 8186824. 500 10.181319 2 g 
WERE: — 1 k L 4 1 17 « 19 
1 2785433 e 9 13051.8U0 
14 591.271 95818909 24.003333 F | 

6 g g 10.1380886-j151606.548 
r1512593-45 ba 19133/24.01666 * ju de g 15161. 520 
16,0595-245 3 as K 24.00002] 135380 3 

597.831 99. 23.98 i 72 

6600.017 9.8195450 $4507: I0.1804550|15151-477 

5603. 202 98196888 23.960666 10.1803. 12 e 
beer e ute reren essere e 

5 > = i 612393333 10. 1798804015131, 44% 

S6 e 79186 7 85126, 4 508 
3 na bt -1 522 2. 3.90000 ws $6 4h 15121459 

6613.119) (2220402323.38333 2 

6615. 300 9.820 5496 2288222 1794504 

3.88333 15 111,45 

6617485) teste be ee gnow 4] 
: — np N. 3229788 5 858 2 15101, 53805 

oy 42 51922090 23-83333 10.178878 15096. 509 8 
8 509 1.60ß 

6626.20 [9.$212646],2"4 1666122737354 * 

— PKN 1508 6.045 

. 3 23,78333 1 1508 1,690 

6622.5 9.82 16926 3˙7 533 01e. 1783045076. 7 39 

32734087392 23. 76566 * *|r5071.793 

6634.910| « [9.8218351 10.1781649 


15966.852 


r5961.915]8 


5056.982 
150 52,054 
15047.131 
15042,211 


I 5027491 


43333 8873.215 


39.950171 62 
29 70 
9.9 506248 
9.950879 
999511334 
9.951 3870 


ec. 9.939103 
9,9394182 
99396733 
9.9399284 
619.9401835 
9.940438 5 
5922499305 


Diff 


1 ſec. 


42.1666 59] 


42.516660 5 
42.516060 0 
42.511666 5 
42.50000 


42,51666]- 


99427331 


5 9. 9429879 


9.94 32420; 
9-9434976 


9.9437 524 


9.944007 -| 
9.9442619 


9.944516 


9.94477 14 
9-9450261 
9.94520 07 


42. 5000 
42, 50000 


12.483335 


32. 50000 
42,48333 
2.48333 


42,48333 , 
42-43333 
42.46660 


4244.6666 


42.46666 
42445000 
4245000? 
42.46666|3 
42 45000 

243333 


959457900 


2009.946047 


9.946299 3 
9.9465539 
9.946084 


= 19-9470630 


9-9473175 


99475720 
9.947825 
9.94808 10 
4 9 9433355 


9.94858,9 


609.9438443 


9.9450987 


9.9493531 
9.9496075 
9242819 


42.4 5000 3 
42543333 
42,4 5000 i 
4243333 


42-43333 
42,41 666] 


42.433330 
42.410006 
42 41666 4 
42.41666 1 
42,41666 : 
42.41066 : 


42.483330. 


42, 40000 is 
42. 44000 
42. 400 


42, 40000 


42, 40000 
42. 40000 


9.931670 
9.953421 
99536752 
99539293 
99541834 


9.9516419 
* 959518961 
; 99521503 

99 9524045 
99526587 
9 9529128 


I 
42438333 
42.38333 
42,38333 
42438333 
42439333; 


42.36666 


I 
42.38333 


42.36066 


42, 36666 
42.36066 


42, 36666 „ 


42.35000 


29544374 


42.36666| 
42.35008 
42.3 5000 
42.3 5000 
12. 3 5000 


. \ a :115022.580 
6648.32, [9 403355523.61666] 0 3 15017, 68308 
58.5 70  [9-3233971], 3.60000. 166 29.14.79 
6 660.987 = 9.823 5386 2.48 * 10, 1764614 ee 
666 3. 1569. 8236800 tt ++: 10.1763200 ee e : 8 
566 5. 32 5 9.823821, 7 0222 
7006667. 493.8239626 — 880.1760374 8 
$9/6669.661 9 $241037 23 25666 10. 1738963 e. 
6673.54 pat ad $4123-51666] „1556744537583 
16676. 160\8|9.8245267 IO 10,1754733 3 
5406678.326 9.824667 23.4833 e 
56680.490—9.8248083 pes 10.175191) . 
54 . 5 N 3 
4687878. 6.826896 3.456. c. 17431 45927 
5686.98 819.82 52301 23+43333 10.1747699 14954431 
S [2 3-41666 620 5114949-596 
9 6689.171444 89. 8253705 ac 3 7494395 - 
669. 306 281993. 4% 244 8 
— L. Sec. N. Sec. | 


Co-: tangents 


b 


4223331 


* ” 


7 


. 


O wm a to dw Lb 


- 


41 DEGREES. 


2 
* „ 


— 


pro > 
— 
ꝗꝶ—— 

ey 


[ol 


Co tangents N. Diff. 


10.0608 369 
10.060 5818 


100603267 


10.0600 16 
10.0 598165 
10.059615 
to. 0 59 3064 


11 503.684 
11496.928 
11490. 176 
1148 3.429 
11476.687 666 
11469.949| 12300 
11463.215 


Se 


10.0 590514 
10.0 587964 
10.0 58 5415 
10.058286 5 
10.0 580316 
100577767 


114 56.486 
6 112.0666 
11443. 041 
11436. 32 6 
11429615 
1142 2.908 


100575218 
100572669 
100570121 
10.0 567572 
10.0 565024 
10.0 6624706 


11416. 20% 
11409. 508 
11402.815 
11396. 126 
11389.4410 
11382.761 


1 lec. 


112.b600c' 


112.5333 
112. 4 5c 


112. 3000 
112.266 


112.1500 


112.0166 
111.9166 
111. 8 500 
111.7833 


111.7000 
111.6333 
111.5500 
111.4833 
111.4166 


10.05 59928 
10.055738 1 
10.0 554834 
10.05 52286 


10.0549739 


24110.0547193 


10.0544646 
10.0 $4.2 100 


19.539553 
10. o 537007 


10. 0 534461 
10.031916 


11376. 086 
11369414 
l 
435 f,, 
11349.427 111.0333 
11342773 
11336. 124 
£1329-479 
11322. 839 
11316. 203 
11309571 : 

11302.944|7 725333 


111.3333 


132 50. 130 


13253482 
132 56.837 
13260. 194 
13263554 
13266.918 
13270. 284 


1327 3.653 
13277. 024 
13280. 399 
13283.776 
13287.156 
2390-539 
ISS 3-908 
13297-3174 
13300.706 
13304. 100 
13307.497 
13310-8397 


N. Sec. [N.D: 


L. Sec. 


Diff. 


Co- ſines 


| I ſec. 


55.86 
3891 
55˙95 
$6.00 
56.06 
56.10 


56.1 5 
56.18 
56.2 5 
56.28 
56.3 

5 6.38 
56.43 
56.4.8 
56.53 
56.56 
56.61 
56.66 


111. 2 500 
111.2000 
111.1166 


110.9666 
110.9000 
110.8166 
1 10. 7 500 
110.6666 
110.6000 


1 3314-301 
13317.707 
13321.I15 
13324+527 
13327-942 
13331-359 


56.73 
56.76 
56.80 
56.86 


56.91 


56.95 


13334779 
13338203 
13341629 
13345058 
13348.489 
13351.924 


10.0529370 
10.0 526825 


10.0 5242 80 
100521735 
10.0 519190 
10.05 166455 


11296.32 1 
11289.702 
1128 3.088 3 
11276.478 ö 2333 
11269.872 
11263. 271 


110. 4500 
110.3833 
110.3 166 


110.1666 
I 10.1000 
110.0166 


10.0 514101 
100511557 
10.0 509013 
10.0 506469 
10. 0503925 


42100501381 


11256.674 
11250.081|*29:9 509 


eee 7h 
11236.909 
11230. 329 109-7333 
11223.7 54 


10. 0498838 
10.049629 5 


10. 0493752 
10.049 1209 


10. 0488660 
110.0486124 


10.0483581 


10.048 1039 


10. 0478497 
10. 0475955 


n 
10.470872 


11217.183 
112106165 FIPS 
11204.053 . 
11197495 : 
0 pſa 109.2333 
11177.846 
11171.3025 
11164.768 
11159.235 
11151. 706 
11145!182 


10.0468 330 
10.046 5789 
10. 0463248 
10.046070) 
10.0458 166 
10.045562 


57-00 
57. 06 
57. 10 
57.15 
57.18 
8228 


1335-362 
13358. 802 
13362. 246 
13365692 
13369.141 
1337 2-594 


57.30 
57.33. 
57 4⁰0 
57.43 
57•48 
57.55 


109.88 33 
to. Sooo 


109.6666 


13370. 049 
13379+-507 
13382.968 
13386.432 
r3389.898 
13393-368 


57.58 
57-03 
57.68 
57.73 
57.76 
57-83 


109.5833 
109.5166 


109. 3000 


109.1666 


13396841 
13400. 316 
13403+795 
13407. 276 
13410.761 
134 14.248 


57.88 
57.91 
57.98 
58.01 
58.02 
58.11 


10. 1223300 


10. 1224399 
10. 122 5499 


10. 1226599 


10. 1227700 


10. 1228802 
— — — 


10. 1232111 
10. 1233215 
10. 1234320 


10. 1236532 
10. 1237639 
10. 1238747 


10. 12398 55 
10. 1240964 
10. 1242073 
10. 1243184 


10. 1244294 


10. 124 5406 


10. 1246518 


101247631 


10. 12 50973 
10. 12 52088 


10. 1253205 
10. 1254321 


10.12 55439 ; 
10.1256557 NN 


10. 1257675 
10. 1258795 


10. 1261035 


to. 1263278 
10. 1264401 


10. 1265 524]. 


10. 1266648 


10. 12677730 


10. 1268898 
10. 1270024 
10.1271151 
10. 1272278 


10. 1273406 t 


10.127434 


10. 1279663 


109.0832 
109.0166 
108. 9 500 
108.8833 
108.8166 


11138.662 
11132.746 
11125.635 
I1119.127 
11112.624 
11406.t25| 


L. Tang. 


N. Lan. 


108.7333 


13417738 
1342 1.232 
13424728 
13428.227 
134 
1343222 


58.10 
58.23 
58.26 
58.31 
58.36 


3 


108.6006 
oe 


13438. 742 
13442253 


13449-2845 
1 3452. 804 


13445˙77 


5 8.40 
58.5) 
58.5 
58.61 


10. 1276793 


101277924 


10. 1279055 
10. 1280187 


10. 1281319007 
10. 1282452 


10. 1283580 


10. 1284721 


10. 12858 56 
10. 1286992 
10. 1283128 


58.66 


10. 1289265 


634. 56-327 
-| Co- ſecants 


10. 1222201 


10. 1229904 
10. 123 1007 


10. 1235426 


10. 1248744 
10. 12498 58 


10125991501 


10. 12621506 5 


1 ſec. 


18.31 
18.31 
18.33 
18.33 


18. 36 
18.38 


1840 


18.3 5 
18. 36 


9.8777799 


7547-096 


2 
KY 
= 


9.8776700 
9.8775601 
9.8774501 
9.8773401 
9.8772.300, 
9.8771198 


7545-187 
7543-278 
7541.368 
7539-457 
7537-546 


9.8770096 
9.8768993 
9.8767889 
9.8766785 


15.40 9.8765680 


18.41 


18.43 
18.45 


18.40 
18.46 
18.48 
18.48 


18.43 


18. 51 
18. 50 


9.876474 
9.876348 
9.876236 s 
9.87601253 
9.8760145 
9.8759036 
9-87 57927 


7 531.808 
7 529-394 
7 527.980 
7526.065 


75224233 
7520316 
718.398 
7516. 480 


7514-561 


9.87 56816 
9.8755706 
9-87 54594: 
9.8753482 


9.53.37 52369 


9.8751256 
9.87 50142 
9.8749027 
9.8747912 
9.53746795 
9.8745679 
9.8744.561 


7 508.800 
7506.879 
7504-957 
7 593-034 
7501.11 


7497-262 
7495-337 
7493-411 
7491-484 


7535-034 
7533˙721 


7524-149 


7512.641 
7510. 721 


7499-187 


GI 

to 

— 
E 

— 

ND 


9.5743443 
9.8742325 
9.8741205 
9.874008s5 
9.8738965 
9-37 37 844 


7487-629 


7483-772 
7481.842 
7479-912 


7477-981 


9.8730722 
9:5735599 
9.87 34470 
98733352 
9.87 32227 
9.8731102 


7476.49 
7474˙117 
7472.184 
7470-251 


7466.382 


9.8729976 
9.87258849 
9.8727722 
98726594 
9. 8725466 
98724332 


— 9.8723207 


9.8722076 
9.372094 5 
9. 8719813 
98718681 


9.8716414 


18.90 9.8715279 


139.8714144 
9.37 x 3008 


498711872 
9 398710735 


9.38717 549. 


7460.574 


7456.699 
74 544760 
7452-821 
7450.881 
7448.941 
7446-999 
7445-050 


7441-173 
7439-229 
7437-285 


743 3-394 
7431.44 


. Sine 


7489.557 


2 


7468.3 17 


7464·4403 
7462.5 10 


7458.6 36 


34-3536 
32+3% F 
32.33 
32.30 
32.39 
2443.-11532.38 
32.36 
32-40 
32.40 
7435-34 33-41 
32.43 
32.43 


N. Sime 


4 DEGREES, 


— 0 * 


pg 

— 

8 
S 
O 


Ga 
ug 
* 
E 
= 
un 
RY 


= 2 ts 


- 


2 
— 
Www 
Q 
DDr rere 
| a> 8 o +» ww. 5 2 


2 2 


Ga 
d 
| a * 
GGG GO 


4 


* 


Oi 
. 


La 


—— In ent mc 


42 DEGREES. 


47 DEGREES. 


27222 CE I pn, 2/0 EEE RY 


i W itt e HATS 

P A She ö 22 7 1 Be 
3 £ . * 
* 122 n A ? 5 
8 3 „ vis 7 n e R 
" 2 F "3% 
ä n . Rong 
W. l ELIE 3 


_ 2 — 8 $I Xe OI 
m_— Wee es eee . a 


ö _ . bes, g : . Tan.|N.D.| L. Ian. Diff. 
Ide - Diff. | Co ſecants. [N. Diff. N ia | | 1 te 
MJN. Sine ee 14944-765| 1 ec. 9004.540116. 2.4424. 
"oo 669 1.306.982 55109 3 9009. 309g 99546915 42. 3 500⁰ 
106593468 9.826512 8 5 30.416606 9014. 580 9.9549455042.3333305 

1 93-4 8 8257913 2338333 14935˙11 80. 36666 019.8 84 9.955199 5 42.333335 

2 3 | ot I4 5444087 1493030 180.28333 COTE g 99554535 2.33333 5 

a 665594 : 38260715 23.3500 14828.480J 801840 9030-411 $4 2519-9557075 4233335 , 

16699. 8 . 14920. ; 
$|6702-108 223263 512f73.35665 1427326, 8/ 22363. —8— 4223222253 
6 6704-266! 9.826351 23. 30000 14977076 ————[g040.979] -. 9562154 42.3 1666 

76706. 424— 9.82649 100 Io 80 6.280 ne 90462678 99564694 42.316666 

ie e 14801.480079˙233 33051. 55788˙13%.95672 33 42.316 66 

8 6708.5 2 e 5 2328333 14901. 489 79.85000 846 $51 20. 9.9569772 2.21666 

9 (ay gs — — —. 2, eee 7976666 e ee i 579.9572311 3 

. . 23. 1 1.920 „2 

6715.05 - 3 2 3-2 5000 — © fe ee l 255 77585 3 

ee 

6721.27 6.327487 J 8000 14977-599179.50000|2 08. 585 9.958246 5042. 3000 
| 6723868 9.827606; i (res Dl — 79.476668. 9.958804 4.31666 

6 3 ; 14905. 35000 9587542 
V 
. y 27.1 | 1 : LAKES n Foie ©, 998 eee 
6730-125 9:8280231],2" 12-35 8. D 9.95920 1802.350000 
7067 32.276 9.528 619 eee, 99595155042.2833304 
n. 4 $283006[-3*73333 14-+9-273179.06666 115.265 99597693042. 200 

44 4 and Bl aye 93/23:72008 14:44-33478.98333/5120.c0219%-75[9.96002.30 jt BOY 

6736.577 00 . 23. 11666 148 39.599 78.9 1666 3 Coe 8 9.960278) e e 

0735-787 8.348776 338333 14834 86½8.3 500 1.44/88. 3.960 530 54.855 

6740.876 ** 3 2308333 148 30. 142 78.76666⁵ͤ .. 5 one 42.3 — 

45243. 24 2.822 3.06666 1482 5.420980 9126597 9265773748335 
r 14875.230 2.5333 747.27J88.96 0215 eee 
6747-319] _ 3 412393333 14315.988 7.56666 Mp 8 896754202 1232 
6749-466 SF... 2 23-03333 14811-2786 78. 50000 215 1 9.9617988 „ 3 
6751.612 9, 9497512 3-01666 14806.573 78.471666 5 9.962052 5048 k 
0753-757 3.329633 22.98335 14801872 78.3 5000|—— . 222333 

90 £ 2122. — 91068. | ; 2.26 

2 5298212 14797176 78.268800 4.025 99625597 eee 

675 04 * 589 22.98333 14792-453 78.216661 379 8 9.962813 775 26666 

6760. 190 2 _ 6622-95000 14787.795 78.1333 48 os 9.96306 85 ee we 

6762.333 8 eee 22. 9 5000 14783-111 78.0666 oy 75 g-o633208 4 pings 

6764-476 985 2 22.93333 14778.431 ene 90. . re 4.2. 88860 

6766.615)  [9-2393717122.91666 14773:755119.943 442225477] rare” qu ted 

6768.7 60 9.8 30 5091 22. 90000 _— 84 9200. 841 99638275 42. 2 5000 

3 98306464 2.88772 wi 77-$5000| 06.214 9.9640311 42.266662 

770.9 Ton $47 2288333 147 1747/7 7.78333 211.590 996433462. ,co00 

0773-000 +-8309209] = $3333 *4+759-754177.71666 3 99645881 = do - 

3 7237855 e 147 58.4460) 762.350 89˙5 8.964845 6112.2 5000 

a : 22. 147 50.4400. 88 egi ol 

116779459 7 ae 22.83333 14745-790 onal ; 9 222 5 * 

210781-597] [9:237332222.83333 14741·144½7. 43333053. 22189-80132 8227 1142-25000 
6783-734” a 22. 80000 14736. 502 77.368888 e * ae 1 
678 5.871 122 — 22. 80000 14731.864 17 10008 21225 89. 9.966 1089 42-250) 

5 6788.007 2 218589 22.78333 14727. 230 77.23333 e. 80. 5356363 4223333 
6790. 142 e - 22.76666 14722.600 77. 16666 e bee, 56681 52 12.3553 
2 . 22.7 6666 14717.97 5 28822 — 2 

ch 9794-075 52288 22883 221222 14713,354 77.001666 44 _ oe 6G ae 
6796-547] 822882273333 1470%-734]76.9666619,76.2,490-13]9-0g7 > col42-216 
6798.681 3 22.716606 14704-1273 76.88333 . - 9.9676294 4.27333 
225.2289 9.21666 4699.74 6.8766 6978.73 93678827 4.855 
685.78 .3328337268333 1469 8.309733 3309294.57 026.3687364 68 
6805-078] [9-93 25 2268333 14690. 309 76.683 33 2200 22. —— 42.210 ; 
6807-209] |9:53290911. 2.66666 1466572297596 9. 50881666. 

76809. 33909 1 22. 6 5000 1468 1. 120 - ps . YH 2560 3 3 
574.3992 19:8323766/22"03333 14070-532176.40666]230 * $2190-461 96024 Cadet * 
Crs Nl £15853 5 n9n22-$3333 14667. 388 0e. 3319.714055 3.965 6142-21660) , 

682.356 8338458000 14667.5 76.333337 9.744090. 56 969889 47.21666.— 

9068 17.8 56 9.8 3360478 Co 14662792 76.266606 A 42.21 J 
6819.284.— 9:3$337233 2258333 N. Sec. Co- tangents. 1 
— Co. ſines. = 


6 
Va 
Dy 
be 
H 
24 
* 
F© 
S 
S 
> 
7 oo 


n Rt; . : . e 
N * of WOES n 8 1 N % = 2 * 8 


PRE rb. 
n 


42 DEGREES. 


D =—_ 


2 8 2 


121 


Du > 8 — 


10 


| 


10.0455626 


10.0453085 
10. 0450545 
10.044800 5 
10. 445465 
110.0442925 


10.044038 5 


10.043784 
10.043 5306 
10.432767 
10. 0430228 
10.427689 


10.0422611 


10.420073 


100417535 
10. 414990 
10.04 12458 


10.0407 332 
10.049484 5 
10.0402 307 
enen 
10.939723 


10. 0392158 
10.0 389622 
10.038708 5 
10. 0384548 
10.0 382012 


30[16.0374475 


Co-tangents. | 
11106.125| 


10.0425150 
— — — 


10. 0409020 


10.039409 5 


57 E 
5408. 
* 


10. 0376939 


10. 0374403 


10.037187 
10. 0369331 
10. 0366796 


5 8.0354260 


3251725 


0 
IC. 0351 04 
10.0 349049 


10849.534 


11093. 140 
11086.653 
11080. 171 
11073. 693 
11067. 219 
11060. 750 
110 54.284 
11047. 823 
11041. 365 
11034.9 12 
11028.463 


11015. 578 
11009. 141 
II oO. 709 
10996281 
10989.357 
1098 3-430] 
10977. 20 
10970. 609 
10964. 201 
10957797 
10951.397 
1094 5.002 
10939.010 
1$0932-223 
10925. 840 
109 19.460 
10913. 08 5 


N. Diſf 


I 1099. 6 30 


11022.019 


1 ſec. 


108. 2 500 
108.1666 
108.1166 
108.0333 
107.9666 
107. 9000 
107.8166 
107.7666 
107.6833 
107.6333 
107-5500 
107-4933 
107.400C 
107.3500 
107.2833 
107. 2000 
107.1333 
107.0666 
107.0146 
106.9333 
106. 8 500 
106.8000 
100.7333 
[106.6666 
106.5833 
100.5333 
106.4500 
106.3833 
106.3333 


106.2500 


13450327 
13469853 
1346 3.382 
13466.914 
13470. 449 
13473987 
13477528 
13481.072 
13484.619 
13488. 168 


13491721 


1349534277 


I 8.3826] 
3498.83 59-31 


—— 
13502. 398 
13505963 
13 509.531 
13513. 102 
13516.677 


13 523.834 
13 527.417 
13531003 
13534593 
13538.18 5 


13541. 7 80 T 


13545˙379 
13548. 980 
3552.85 
13550.193 
13559803 
13563417 


N. Sec. N. D. 


— — 


59.01 
59.06 


1352.2 54 


1 lec* 


58.76 
58.81 
58.86 
58.91 
58.9 


5911 
59.15 
3921 
59-26 


10906.714 
10900. 347 
10893-9384 
Ic887.024 
108S1.269 
10874.918 


I 855.889 


I284 3-223 
10836. 896 


10. C3405 1. 
10.034398 
10.034145 
10.338911 
10. 0336377 
1.033184 


10824.2 54 
10817.939 
108 11.628 
10805. 321 
10799. 010 


10.0 331308 
10.0328775 
10.0320241] 
10.032 3707 
10.0321173 
100318640 
100316107 
10.931357 
100.0311040 
10.0308507 


10.030344! 


100305974 


10792. 10 
10786. 423 
10780. 132 
10773845 
10767.561 
10761.282 


1074.7 34 
10742. 407 
10736. 203 
10729. 943 
10723. 687 


108 08.571 


$110.07543353}1000 42-248 


10830.5%3 


106.1833 
106.1160 
106,0500 
106.0000 
105.9166 
10 5. 8 o 
105.7833 
105.7101 
10 5. 650 
105.5835 
105.5165 
1054500 
105.3825 
10 5. 316 
105. 20 
105.1833 
105.1100 
10 5. g 


13567.034 
13570. 654 
13574-277 
23577-903 
13581. 332 
13585164 


13592438 


13596. 080 


13599725 


13623-372]g 


13607023 


13610. 677 
130 14-334 


13917.995 
: 3621.658 


13625.324\; 
13628.994].- 


13032.667 


10755. 0006 


ML ang. 


N. Tan. 


105. ooo 
124.9166 
104. 8 500 
104.7833 
5 
104.6500 136 54.770 
104.6000], 3658.464| 
3 
104.4500 
104. 4000 
104-3333 
1 


13636-343} 


13640. 022 


13643. 704 
13647.389 
13651.075 


13662.162 
13665.863} 


1358 8.800% 


„ 
10. 128926 5 


Diff. | 


1 fte. 


9.87 10735 


Co- ſines. N. N. 
7431-448]! tec. 7 ! 


10. 1290403 


10. 1293821 


60 10.129496 
10. 1296102 


10,1297244 
10. 12983870 


10. 1299 530 


10. 130067 


10. 1320221 


100.1321377 
10.1322 534 
0 10. 1323691 


8019.1 324849 


10. 1226008 
10.1327167 
10. 1328327 


| 10.1329480|. 
10. 1320649 


10. 13318 1172 


10.1334137 
101335301 
10. 133646 


10.1337631 


10. 1291542 
110.1292681 


10. 1304 109, 
10. 1305256 
10. 1306403 
110.1307551 
20. 1308699 
10. 1309848 
10. 1310998 
119.1312149 
10. 1313300 
10. 1314452 
10. 1315604 
10. 1316758 
81.1317912 

10. 1319066 


10.1332974 


611301818 
10. 130296 


| 


10.1338797 


1013411321 


10. 1342 300 


190.1343459 


10. 1344638 
1101345808 


10.1340979 


110.1348151 
5 419.1349321 
110.13 50496 
10.1351069 


1013399641 


18.96 
18.99 
18.93} 


19. o 


19.00 
19.01 
19-03 

19-05 
19.05 


I 9.0609 9. 


19 


19.08 


9.870959) 
g(9-87084.58 
9.8707319 
g.8706179 
98705039 
9820389807 
9.87027 5607 
987016137 
9. 870047007 
9.8699 326 
8698182 


9. 8697037 


7429-502] 
1427+ 554 
7425-606] 
7423-658] 
742 2 1 


7413. 905 
7411-953]. 
74.10,.000 


7495046 ; 2.56 


19.10 
IQ.11 
19.11 
19.13 
19.13 


A. 


19.16 
19.18 
19.18 
19. 20 
19.20 
19.23 


19.23 
19.23 
I9.25 
19.26 
19.28 


119.28 


19. 30 
19.31 
19.31 
19 ˙39 
39-35 
1 
19.36 
19.38 
19.38 
19.40 
19.41 


19-41 


9.-38695891 
9-38694744 
9-38693597 
9.86924 49 
9.8691301 
9.-8690152 


7406. 0922. 
74041372. 
7402. 18 132.504 

7400. 225 q 
7398.268 


7396-311 


9.8689002 
9.8687851 
9.8686700 
9.8685548 


9.8684 396 
9.8683242 


7394+353 
7392+ 394 
7390-435 
7388.475 
7386.5 15 
7384.5 53 


9. 8682088 
9.86809 34 
98679779 
9.8678623 
9. 8677466 
98676309 
9.8675151 
9.867 3992 
948672833 
9.8671673 
9.86705 12 
98669351 


7382. 592 
7380. 629 


7378. 666 
7376. 703 
7374.738032. 
2222232. 

7370. 808. 
7368.842 
7366.87 5 
7304-908 
7302-940 
7360.971 ; 


9.8668189 
9.8667026 
9.866586g 
9.8664699 
9-38653534 
9.3662 369 


7 359-002 
7357-032 
7355-061 
7353-090 

1.11 d 
749.742 8 17 


61.68 


13673275 


13669.567 


10. 1352844 Tc 
450-13 $403, 
31358194 
10.135637 
10.1357 548 
10. 1353725 


Co Lcants. 8 


19.43 
19.45 
19.46 

19.46 
19-48 


19.48 


9. 8660036 
9. 8658868 
9.86 57700 
9.86 56531 
940.8655362 


9.866120;]” 


7341-250 
7339-275 
7337-299 


19.50 
19.51 
1832 


ds 


9.8654192 
9.8653021 


9.-8651849 
9.8650677 


13.59.86 49 50 


98648331 


7335-3227] 
7333-345 
7331-367 
7329-388 
7327. 409 
7325-429 


WI wo 
EP 
© © 
O 
— 


9.8647156 
9.8645981 
9.38644 806 
9.8643629 
9.86424 52 


| L. Sine 


1323-449] — 

7321.467 
— 
7317-503 
7315-521] 35-05 


9-8641275 


[ow vw + wlowu 


7313537 
N. Sine 


= 
— 


nd do 2.08 oe a FIPS 4 ras 


1 A ˙ -m ern ts VER IRD W e ney Be or IE Won re > EPS SPA LR AID nos ne 
nr ” — ä — 


3 


— 2 r 2 


43 DEGREES, 
N Bineſd N- T. Sine Diff. Co. fecants- N. Piff N. TanſN. B. L. Tan Biff. 


6819. 9-984lif 9.8337833] 2 ec. 10. 1662 167 14662. 792 1 lec. 932 5.1510 ee 9.96965 50 1 lec. bo 


6822.111j- |9-$3391588] 10. 16608 658.220 5 6 N 

682423) (5.3345 ia. 58333010. 2654 59) 4653.632006. 2336.534099. 9.5 16240lta. zee 
6826.36 8341894255000 68 106014648. 08 007133330 N 42.2 1666 

26.363029 8341894 10. 1658 10614649. 089 9341.479090. 7 59 9704157 57 

6828.489] J.5 3432462. 534410. 26 567 54,4644. 5297 f. 00009 346.92 8090. 87.97% 89 666 

68 30.6730 809.8344597 2535 37010.16 55403146 9.97 760g 52. $of? $619.9709221|12*22290]5 of 
22.51666 39-973 3 ; 90. 9221], 20000|? 


6832.738] [9:5345948], - 5x666122:1954952[14635-422} 72-323 3319357-834[go-goſ9:97 11754 42.216664 


© wa Au + ww 8 2 o 9 


75 · 8 5000 
683486783429 72.4833 (˙ 65270314630. 87 5g 9303. 292½0.969˙97 14286 00053 
68 36.984] 98348646 22-49 333 10.1651354|34626.331 75˙78333 9368.75 NSA 9.9716818 ei: 
6839.10 © 9.8 349994 3 10. 16 500061462 1.792 3 9374-216 91.05 9.97193 50 dees, 
[10|6841.229] $19-8351341[, "7. || 110.1648659114617.257}/505320919379.683/1.11/9-9721882/#2:20000| 50 
Ir1J[6843. 3 500 [9.33 52688 10.1647312¼14612.72675˙553330938 5.153 91.169˙9724473 dec 


12684427 9.83 54033 5 10. 1645967 14608. 198]7 555006 42.20000|— 
1306847.59 10 98355378 10. 1644622 14603.675|———19396-101[91,26/9-9729477|7 47 
1406849.7110 98356722 10.1643278014599.15675˙35333401.579 91.300997 32008 e re 6 
15068 51.830 N83 58066 10.1647934(14594.641½% 53! 90019407.061[91.3619-9734539|*7 7933345 

76/6853-948] 2193359408], 26666] © 7040592[14590-130[7 523090194 12.5450 1.40.9737 333144 
x7|6856.066| ©19-8360750] "2-6 110-1639250114585.623/75-1933319418.033/91.4619-97 396022229904 
18068 58.1844 9.836209 1 3 10. 163790901458 1.12007 5116669423. 523 91.50 9.9742133(= 1333/4 


19.6860. 3000 98363431 3 


9390-625191.2019-9720945 23233 48 


22.416666 
22.40000 
2.2.40000 


[22.35000 


x | | 42-18333 
10.1636569/14.576.621 9429.017]g1.5619-9744664. 
20]6862.416] [9-8364771 f 10. 1635229014572.127 7498333 9434-513 3126 9.974719 5 42.785350 
(21/5364. 532] J 9.83% . 5815.163389 274567.636½ 900440. 13091.660,74972647.,3330 
$22|5366.647] 89.837447 22. 2 ooog|©:2032553[14563-149]745 5399019445. 516]g1.9119-9752257/12:12333[3 

23/6868.761] [9-8368784 ape" 10. 16312160145 58.666777 20 9451-021]g1,75'9-97 54787 pond 27: 374 
| 246870875 9.8370121 5 10. 1629879 14554. 187]7470000 9456.530|g1.8119-97 57318 3 36} 
2568 72.988 . 22745 zee 128541 14549-712|————19462.042/91,86;9-97 59949 e | 
2616875.101] 2.837791. 30001˙2627 2091454524745 66747·5561. 90% 97523790 42.6886ʃ2% 
2287721308874 2.233330 0˙162 5875145407744. 70001947 3-074191.96,9-9764909]9* 6666033 
2806879.3250 19-537 54582. 21666ʃ10%ë 1624542014536. 3 1107448549 8.59 50. 019.9767440 
2016881. [9.8376790]|_* 10.1623210|14551.8c2174+35333]9484.11 .o619-976 ol42-15333[21 
306883546 [9-5378122 AERO 10.1621878114527.397|/ 4-3 9489.646092. 119.9722 50⁰ 8886 0 


— 2 5000 

310885. 9.83794 530 1,7620547 14522945 9495-176 92.15.97 7 cg gel? 
3206887. 98387830. 235[10.1619217[14518.498[74+1*333[9500.709/92.2119-9777 560 a 491 hs 
33j0889.873] 899.8382112 10.1617888|14514.055]/+*333319506.245]92.2619-97 $00g0[#?*? 
34\6891.981] ,4|9-5383441 10.1616559[14506.616 ny 9511.784 92.31 9.97 82620 
$351$394-089] ©19-3384769 want 10. 1615231014505. 181(73˙9 3 9517.32 692.3609978 5149 
3606396. 195 98386096 3333/10. 1613904 14500. 749 73˙91 6 9522.871[92.4119:9787679 go 2012 4H 


22.15000 
22.3 5000 


42.16666 26 
4.2.16666 29 


7689 3-302 705 n 1666 par" ray: 73-86666 Soak 55.979020 2.16606 ＋ 
37 302 . nis 960.322 — . — 9528.420002. . 23 
4 6900.407] [9-3388747 dee, e 10. 16112 53/1449 1.898 73˙78333 9533-971 . 9.9 7927384216666 2 
39.902.520 [9-8390072|* .333110.1609928114487.478 7373333195 39-526192. 5819-97 95268147 5000121 
$40\6904.617f 219-8291396 mee 10. 16086041448 3.063073 : 9545-083 92.6119-9797797 — 20 
4106906 721 9.8 3927190 10. 160728 1½14478.65 1073593335 50. 6442.680998 003260150019 


$42[$908.824 98394041, 02454120:2605959 14474-243 3 46886 9556.208092. 7 3 —— 26666 whe 
43]6910.927]— St pea 10.1604637114469.839|————19561.774192.76/9:9995335] 1 
44913. 529 9.8396684 333/20. 1603315f14465.439|/ 3*+ 9567.344192.3; 9.98079 14}42-15 +6 


22.01666 


45/6915. 131] = [9-3 398004. 10.1601996[14461.043 73˙33333 9572.917090 2.88 9,981044 3}#2:15000115 
| 4806977 232 2 98399323 201" dee 10. 160067714456. 51 r 9578.494092. 9 5 9.98129721+2- 15000114 
t4716919.332] 9. 8400642 1 10. 1599358144 52.262 e ene 9584-073[92.98 9.9815501 ee I 3; 
45]6921-432] [9:3401959}. eee ee 442225 3.666682. 288.1 30000 
491692 3.531] 98403276. — 10. 15967241444 3-497 9595.241093. 10 99820559 — — 11 
50692 5.630 9.8404 593 4 eee 10.159 5407/14439. 120 7301666 9600. 829093. 13 9.9823087H2-· 1500010 
5 6927.728 n 9.840 5908 e "FP 10.1594092[144 34-748 aps 9606.421003. 200.982 5610 4213333] gf 
2929.32 50 2.842230 '7 5 110:1592777114430-379]7 7a > 22 219612.016]93.2519-9828145]42-7 5000] 8 
241653 1.922| 9.8408 537229 10.159 1463/1442 6. 013/72 5 9617.614 93.30/9-9830673 2 13050 7 
5416934-013] 2.8428 421.8833%/— 9984422. „ 9623-213|g3.3 519:9833202|2-23333] 6 
— —. — . — ſ— — U—U—u⁊ . 33 — 2. — 
55 69 36.114 9. 8411162 3785666 10. 1588838 144 17-29 5 oee 9628.815 93-40 9.98357 30 | Soba 5} 
5610938.209} 19.384 12474 1.86666 10.1587526014412˙941 = 6666 9634-427]93.4619-98352 59/42 13333] 4 
571$940-304. 96 9.341378 5 ee. ts 10. 1586215014408. 5927 4 9640-037 93.509. 9840787115004 3 
5810942.398 E[9.8415095}: "a 10. 1584905 1440424672 333 9645˙65 19 3. 569˙9843315 3 13333] 2 
59f9944-491] 19-8416404/7 *03235110.1583596 14399-904]7 "6 66619951-268[93.6119-984 55442-13335} uf 
_—_ $39) 934177231. 1:82666|22:2552237[24395 305[- > 166612259-338" 99645373 3 . 
Co- ſines. ae eee E. Sec. N. Sec. 5 Co-tangents. 'f 2 MJ 


—_— — * 


4 
218 mM 


—_— —_—_— 


© © — 4 vo 8 » {os 


— — 
I 2 


43 DEGREES. 


. * 
8 


122 


Co tangents 


10.0 303441 
10. d 3zoogog 
10.298376 
10.029 5843 
10.0293311 


10.0290779 
10. 0288246 


10.028 5714 
10.028 3182 
10. oa 806 50 
10.0278 118 
10.0275587 


10.027308 
100270523 
10. 0267992 
10. 0265461 
10.0262929 
10.02 60398 
10.02 57867 


10.02 55336 
10.02 52805 
10.02 50274 
10.0247 743 
10.0245213 
10.024268 2 


100240151 
10.02 37621 
10.023 5091 
10. 02 32 560 
10. o2 300 30 
10.0227 500 
— 


10. 0224970 
10. 0222440 
10.02 19910 
10.02 17380 
10.021485 1 


100212321 
—  —— 


10.020979 
10.0207262 
10.0204732 
10.0202203 


10.0 199674 


10.0197 144 


10.0194615 
10.0 192086 


I0.0189557 
10.0187028 


10.0 184499 


10.0 18 1970 


10.0 179441 


410.0176913 
10.0174.334 


10.017185 5 
10.0169327 


10.016174 


10.0 156685 
10.015415 
10.015 1628 


L. Tang. 


2 


- 


10723-087 


10717+-435 
10711.187 
10704943 
10698.702 
10692. 466 
10686233 


10680. oo4 
10673779 
10667.558 
10661.341 
10655. 128 
10648.918 
10642.713 
I0636.511 
10630. 313 
10624. 119 
106 17.929 


1060 5. 560 
10599.381 
10593. 206 
10587. 035 
10580. 867 
1052424 
10 568.544 
10 562.388 
105 56.235 
105 50.087 
10543942 
10 5 37.801 
10531. 664 
10525. 531 
105 19.401 
IOG13-275 
10507.153 
10 501.034 
10494. 920 
10488. 809 
10482. 702 


10.0 166798 
10.0 164270 


10. 0159213 


10476. 598 


10470. 498 
10464402 
104 58.310 
10452.221 
10446. 1306 
10440. 05 5 
10433·977 
10427. 904 
10421.833 
10415707 
10409.704 
10403.045 
10397-5589 
10391.53S 


104.2000 
104.1333 
104.0666 
104.0166 
103-2333 
103.8833 
103.8166 
103.7 500 
103.6833 
103.6166 
103. 5 500 
103-5000 
103.4166 
103.3666 
103. 3000 
103.2333 
103.1666 


2812.14 203.1 166 


103.0333 
102.9833 


102.9166 
102. 8 500 
oa. Sooo 
102.7166 
— 
102.6666 
102.6000 
102.5500 
102.4666 
102.4166 
102.3500 


102.2833 
102.2166 
102.1666 
102.1000 
102.0333 
101.9833 
101. 900 
101. 8 500 
101.7833 
101.7333 
101.6666 
101. 6000 


101.5333 
101.4833 
101.4166 
101.3500 
101. 3000 
101.2160 


N. Di#: 


1 leC._ | 


N. Sec. 
13673:275 
13676.98 5 
13680. 699 
13684.416 
1 3688. 136 
1369 1.8 59 


13699315 
13703. 48 
13706. 7 84 
13710.523 
13714. 266 
13718.011 
13721. 7 60 
13725512 
13729. 268 
13733. 026 
13736.788 
13740-5531 
13744-321 
I3748.092 
I3751.867 
13755-0645 
137 59-426 
223.212 


1369 5.886 


L. Sec. 


Dif 


Co-fines 


N. D. 
1 ſec. 


61.83 
61.90 
61.9 5 
62.00 
62.05 
62411 
62:15 
62.21 
62.26 
62.31 
62.38 
62.41 


62.48 
62.5 

62.60 
62.63 
62.70 
62.75 
62.80 
62.85 
62.91 
62:96 
63.01 
63.06 


13766.998 
13770. 789 
13774583 
13778. 380 
13782.181 
13785.985 


63.13 
63-18 
63.23 
63.28 
63435 
63.40 


13789.792 
13793-902 
13797-416 
13801.233 
13805. 053 
13808.877 
13812. 704 
13816.534 
13820. 367 
13824. 204 
13828.044 
1383 1.887 


63.45 
63.50 
63.56 
63.61 
63.66 
93:73 
63.78 
63.83 
63.88 
63.95 
64. oc 


10. 1368172 
10. 13693 56 


10. 1371726 


10. 1374098 


10. 1377662 
10. 13788 52 


10. 1381233 
10. 1382424 
10. 1383617 


101387197 


10. 1389 588 
10. 1390785 
10. 1391982 
10. 1393179 
10. 1394378 


10. 1395577 
10. 1396777 
10. 1397978 


101399179 
10. 1400381 


10. 1401584 
10. 1402787 
10. 1403991 
10. 1405 196 
10. 1406401 
10. 1407607 
10. 1408814 


10.138225 


101359984 
10. 1361083 
10. 1362263 
10. 1363443 
10. 13646624 
10. 136 5806 
— 


10. 1366989 


10. 1370540 


10. 1372912 


10. 1375286 
10. 1376474 


10. 13800420 


10. 13848 100, 
10. 1386003 


10. 1388392 


64.05 


13835.734 
138 39.584 
13843·437 
13847.294 
138 51.153 
138 55.017 


64.11 
64. 16 
64.21 
64.28 
64.31 
64. 40 


101.1833 
101.1000 
101. o S 
100.9833 
100.9333 
100.8500 


1038 5. 489 
20379445 
110373 404 
10367. 367 
10364333 


10355-3093 


N. Tan. 


100.733 J 
100.6835 
100.6166 
100. 5666 


100.8160 


100.5000] —— 


138 58.883 
13862.753 
138 66.620 
13870. 503 
13874-3383 
13878.266 


64.43 
64.50 
64.55 
64.61 
64.66 


3882.1 53 
1388 6.043 
13889.936 


13893 832/64. 
138 97.7336 5.01 
1399 1.636 NED: 


64.78 
64.83 
64.38 


93 


10. 1410022 
10. 1411230 


10. 1412439 
10. 1413649 
10. 14148 59 


10. 1417282 
10. 141849 5 
10. 1419708 
10. 1420922 
10. 1422137 


64.710.142 3382 


10. 1424 56 


10. 1427002 
10. 1428221 


eee 


10. 1416071 


10. 142578 502 


1 ſec. 


19.6 
19. 6 
19.6 


un Ur 


19.66 
19.68 
19.70 
19.71 
19.71 
19˙73 
1973 
19.706 
19.76 


19.91 
19.93 
19.95 
19.95 
19.95 
19.98 
19.98 
20.00 
20.01 
20.01 
20. 03 
20. 0 5 


— 
20.05 


20.06 
20.08 
20.08 
20.10 
20.11 


20.13 
20.13 
20.15 
20.16 
20.16 
20.20 


20.15 
20.21 


10. 1430659 L 


Co- ſecants 


9. 8640096 
9.8638917 
98637737 
9.8636557 
9.8635376 


9.8633011 
9.8631828 
9.8630644 
98629460 
9.8628274 
9.8627088 


9.862 5902 
9.8624714 
9.8623526 
9.8622338 
9.8621148 


9.86199 88 


9.8618767 
9.8617576 
9.8616383 
98615190 
9:38613997 
9.8612803 
9.8611608 
948610412 
9.8609215 
9.8608018 
9. 8606821 
9.860 5622 


9.8641275 


7295657 


9.8604423 
9.8603223 
9. 8602022 
9. 8600821 
98599619 
98528415 


1 — 


7311-553 
7309-5656 
7307-583 
73954597 
7303. 6 10 


7299.633 
7297. 640 


7293.668 
7291.677 
7289.68 6 
7287.695 
728 5.703 
7283.7 10 
7281.716 
1279-722 
7277-728 


7313:537] 


9.863419417 391-023] 54 


7275-732 
7273-736 
7271.740 
7269.743 
7267-745 
7265.747 


7263.748 
7261.748 
7259-748 


7251-741 


7247-134 
7245-729 
7243-724 
7241.71C 


9.859721; 
9.8 596009 
9.8 594804 
98593599 
9.852393 
89185 


7239.7 12 


7235-698 
7233. 690 
7231.681 
7229.67] 


9.8 589978 
9.8 588770 
98587561 
9.8 586351 
9. 8585141 
98583929 


7227. 06 


7225651 
7223. 64 


7219.615 


9.8532718 
98581505 
9.8 580292 
9.8 579078 
98577863 
9.8 576648 
9.857 54.32 
9-8574215 
9.8572998 


9.8571779 


98570361 


7215589 
72 
7211.5 59 
7209-344 


7203-494 


7199-457 
7197-435 
7195-419 
7193-39D 


7257+747| 
7255+-746[33. 
7253-744 30 


7249-7382 


7237-793] 


722 1.62803 


7217.604432. 


7207. 52803 
7205. 511 


7201. 47003 


= 
"= 
7 © 
n= Fm 

lo — 6 & \O 


9.38569341 
L. Sine 


N. Sin- 


E 


— — — 


45 DEGREES. 


_ 


0/6946, 534 4 9•8 I peg Der | Co-tecz 
19 48.676 3 — — . o-lecants. jN-Viit 
2069 50.767 9.8419021 —1582282 143 — N E442 | 
6952.8 58/5 Ne 21.8000: |19-155097 24595-565 I ſec. MDGS tes bas b4 x 
6954-945 4 9-342 1634 21.7$000 8 14391231 3056.585'1 9 ee Diff. 
6957-039 a 1 10.157366 . 72.233833 . . 
959.128 841175 10. 1577061 2 75 72.18333 9668.137 93.71 9,98 50900 = 
6961217 425849 27.84 10.157575 . 72.1000 673,767 93.76˙98 53425 42.133330 
6953-305 ee EVE Peary * 5 £58 „ 2677438285 42.333335 
696 5. 302 9 Aa LAI 10.157149 52. — 71,98333 g9685.035 93-5 9.28584842.3353 57 
6967.479055 98425755 21.716606 A 1436 5.305 71.9333 9690.674 93-93 9.9861012 5 5b 
| 6969.565 2 t 3 10. 1570 544 18897 71:85000 9696.316 93-98 9.986354c 42.3333 55 
12 62724 8.2225 11.5331 1267943 11957725 5701.962473 eee ety 
5973.736.— 9 343335216 6 18762258 9 8 71.73333 570.6 1009410 9,9868 596421333305 
6975-821 9-2434055 — e 7688661897 94.13]9-927 1223 421333355 
6977.905 1 21.6 5000 10, 1565345 | 32805 71, Go 9718 917 94.20 9987 1123),2.21066/5 
6979-98s = r 21.953333 10. 1564047 {4339-520 1.82224 —94.35 99876179 42.1333 50 
18 984.153 445 f . 10.1561453 4239-459 71.41660 9735-9o0l 94.35 9.9881234 42.116 4% 
69882344 2 844114421.5833; 10. 1560158 4 A0 71 35000 9741.569977 9.9883764[422233 47 
zol6988.315 9.54424 32 59333 10.155886 af Pegs 71, 3000097477245 94.46 9.98528 75517880 40 
e 21.58333 1 2 1209 71.21666752˙9 14 94,51 9.9838816 42.1333 45 
22 6992.476 S e 21. 5 5000 10.155275 14313-0903 71.166662 94,50 9.9891 1 4 1586 44 
23 0994-555 S 3 . 10. 15549 82 ny 71.10000 9764-272 9 9.289387 885 43 
4 6577 93447601]; 1.51000 10.1553990 143-5 35-17 96666 762.56/ .) . 
569987110 e . eee 15 70 95666 1.43 94-7 3/9 ges 42-1 3333/2 
arial -b. 450187 — 000 82 —— 1 66679133047, 9.290 1453178560 
27 702.8669 9.845 1470 21. 50000 10 154981 14292-5838 70 85000197 07-027 94.83 0.990 3981 42.11666ʃ39 
2807004. 94205 8788055 21.48333 8 1428, 345 . 8000022224 94.90 9990650841333 38 
9 7007. 018 XI 8 26.4 Wks 10.1547242 942105 70.7160 9798.424 8 9 98 42411085 37 
3007009. 093 3.848828 eee 10.545955 Liege 70, 66660804425 95.00 99 71584 42511666} 
31 7011.16; — . 5 10. 1544668 . 70.616660 849˙833 95-05 979914089 42.116663 
32 7013.24 one are 1667 Sages 7.53333 98275256 95,19 10 42, 1766605. 
3 7015.314 98459188 21, 416606 10. 1542097 14207152 POLICE don apy 95 16 9.991914 3 42, 11666053 
477.387 4 8855 ee, e e 4 7840186 2 95 21 9.9921670 42.116566 2 
350719459 8e 38531 10.1539529 25 ee dd e e 9 42.116665 
36 7021.531 OTE 426235 10. 1538246 e 70. 30000 9838.415 5 gr 0000744 42,11666 30 
37 7023.60 9.38464 .318 1. 366606 10. 15 3696 4250.3 19 70.2333 98441 95.38 9.99292 42.110 = 
1]—|9.8 21.366660 4114245, 112|79-160 25 51 7066]. 5 
3817925-072 5405599 36666|22:1535922)142 '319170.1606619 649-277 95.430˙9934778 42.116662 
3907527741 9.546679 7.33934 10.125344 7 —— 7.116668. 5 4211666 
4007029.871 o 9 21.333335 10.153311 n 9861.239563 9.993 832411066 26 
47731879 + 2 1 eee 10.1531842 e pe „ 98.888 42.116660 
42 7033-947 * ee . 9.933330873•56. 5 GE AIT20D 42.116660“ 
43 7036. 014 ” n 3 10. 1529 2t 1 9.35000 9878.567 95,70 9-9944413 42,1160 23 
[4217038.081]-- 9.847 3307 20-35 333 101528009 5 8 9384.3 10 95.76 9.9946940 42.116660 
450740. 14 9.847443 2726666015270 14216.709 69.7333 9890.069 95.81 9.994940 42.11666 21 
46.7042.213 9 1 21. 26666 eee. 253 9.68333 989 5.825 5.88 9.9951993 42, 1000. 20 
+7 7944-2785 > bp 2123333 10, 1524183 mm 69.6166 9901.584 $.9: 9.9954520 42,11566 19 
18.48. * be 6 Ae 10, 1522909 * 69. 55666 9907. 34695 939.9957047 42.11666|- 
19 7048. 406 — 79637 e, 10.152635 , e 69 50000 9913,112 96,03 9. 9959573 42. 11060 17 
50 7050 469 9.548090 —— 10. 1520363 we -- 920 69.43333 918.381 96.10 9 996210c 42. Icooo 16 
1170524532 9 £482180 2152000015190 | 91,701 69. 36569 9324.654 96,151? 9964627 42,11 AL 
2217954-594| © 9.543 3450 21.183353 20 1478.60 2 993.4220623 9.596775, 1186 hs 
-317956.655 2 88 10. 15165 50 14183, 4549˙ 2690 99 36.208 96.25 9969680|42-7 7966 13 
| 3412258716 1 21.116666 ee e 69.18333 9941.991 96.31 9.9972207 42. 10000 12 
| 35 7060.776 —8437220½1.13333 1,1514011 _— 99-1335 95477775643 5.0456 fa. rbb þ 
| | ;617962.835 — 99.8488 524 11 14736,883 09.08 333 9953-566 90.43 9.997726c|+2:71050 8 
8 57 7064. 894 9.042979" 21.11666 8171745 659.0160 9959˙358 99.48 9:9979787 42,10000 9 
58 7066.9 53 — 8 2 1.11666 0 e ee 9965.154 96,53 9.9982314 42.1166 8 
[39 8 85 272 eee 10. 150894301 9 68,90c0c 2970.953 96.60.2445 42, 11666 7 
. 2493500 1.08333 10,1507678 754 49 1128-53333 9976.7 6 96.6 5 9.998736 42. 10000 6 
| - _19-8494850 21.0666 10. 1 14150. 8168 0982 75 6 3 ing, oY 
Co.-ſi Sgr. os 910 506414446 36 ee 1.56206.76 9.998989 34271900 5 
O-iines 21—.—66—.— gs 251 8.71664 9988.371 96.76 9.999242 f 005 4 
1; Se 8 68.6500c 9994-134 96.81 9.9994 947 42.116860 
i e eee 9.9 42.1166 
Sec. 58333 oo a 997473 12,1166] © 
Co 10.0 000 65 . 
-tangents 4 2.17669 Lok 
Ia 


— 
— 
— 
———— — 
p — 
- — — 
1 


| 


2 


1 


—— 


' 72 2 eee erte un af cw | oO 


P TTT re a EE ee Io AR GEN ho) IO ADD . . WD £5 


. rr 


* — 


ö 
| 


44 DEGREES, 


Vi Co-tangents. N. Diff. N. Sec. L. Sec. {Du Co- ſines. 
"o|10.0151622}10355-303] L ſec. [13907.636|1 Les. 10. 439 L-Les. 856842 
ieee | 13905. 10.143187 8 56812107191.377 
1 2 „ 100-4333 „ LIENS 0-30 366008 bby 
ges tio EE] ae +: 10.1434322},  2219-8565678]7187.333 
3 10. 0144044 10337235 100. 3166 3913˙3 2 20.36 $56 8 
4410.0141 516010331. 220 13917.283 10.435545 20.28ʃ9˙8 5044550718 5.310 
1 ; 2 019.8563232|7183.28 
510. 013898801032 5. 208100. [1392-203 10. 1436768 20.3809˙85 32327 ef, 287 
6010.0 1364600[103 19.199 100. 1 500 3223: 122 e 20.40 56558. - = 3.7 
Hs | 2 13929. 0 10.143921 9 78417179. 
i e 1393 4.985.271. Hogan ware 9-8559558{7177-213 
10.0128877 10301. 196 100.0166 139 36.9186 i 10. 1441668 20.43 9.855833207175.187 
l 10.0126 10295. 203 5 13940. 856 10. 1442894 Korg 219-5557106|7173-I61 
110.0124 % % tt 0333[12044-796 101444122], 8.46098 5588780717 1.134 
55 i „ 3 13948. 740 10-1445 339 bee 9.55546 5002169. 10% 
| ag 10.0118766610277.243 227 p 139 52-68% ID.1440579| 0 a5 9:5553421j7197.078|- 
= 10.01162 1027 1.263 22571885 139 56.629 10. 1447808 ng 9.85 521927165. 049 
* Rs 10265,287 POTION 139 59.593 10.144 9039 es g-5550961[7103.019 
8 100111184102 59.31 5 Ex 13964-551/g7,0110-1450270 "is 9-8 5497 3017 100,989 3 
1710. 0108656102 53.345 net ge 13968.5 12 10. 14515010. 51 95548499 7158.9 59 
18 10.106129 10247.381 „ 13972.477 10.1452734 20.55 9854726 71506.927 ' 
1910.010360 110241. 419 Accel 1397 C445 10.14 53967 20:5 5/9 854603307154. 89 5 k 
20!10.0101074 10236461199 3 13980.416 10.1455201½ , 69 8544799 7152. 863 
2 10.0098 5410229. 5065930000 3984.391 10.1450 36 . 9.8543 564 7150.80 
22 10. 0096019 10223555 99+ co aps 13985.369 10.1457671 20.58 9. 8542329 7148.796 
2310. 0093492(10217. 608/99: J 4 13992.351 10.1458907 20.600 8541093 7146. 762 
24 I0,00900b5l1021T. 664109. 3 13996.3 26 10.1400 144½ 0.61 9. 8539850 7144-727 
25 10.00834.30|10205, 723099. 67666 14. 325 66.49 10˙14613810,761ʃ9 5538079 7142. IN 
1,6110.0085911119199+7 86; 14004. 317 210.2402 019 20.6319" 853738177 140. 6 5 5 
2 10.008 3384 10193. 6538.88 7 poo 14008. 4 9181463858 Wh fe 9.8 536142 7138 618 
ve 10,0080857[10187,92.3 55 5 333]14012.312 10. 146 5098 320 9.8 534902 7136.81 
2910.008330 10181. 997 45 bb ve: 14016,315 179.1466338½ 5,6609 $533662,7134-543 ; 
301 10-007 5803 10176. 24098. 52686 14020. 321 [1014675791 6619:$532421(7 132-504 3 
21110. 14024. 3 30 C10. 146882 1.9.8 531179 7130.46 5 
5 mo Ry 98.6 5000 e 3 147006412? PER - 1% . 
3 10. 0068222 101 58.3260 g. 0000 14032. 360 10. 14713070. . 9. 95286937126. 38 5 
4.10. 006569 510182.418 ee e 14036. 380 10. 1472551½C. 9.8 5274497124344 
l 10,.co63168[10146.512 ne 14040. 40 303% 10. 1473796 13 9.3526204!7 122.303 
- 10. 06064110 140. 6 10 28285 14044430 8 14755415. 5 9.8 524959 7120. 260 
>[10.0058114/10134-7 12/———(14048.461 —|1C. 147627 / 9.8 523713 7118.218 
38 1.55585 1123.57 98.0040 52.49406/.2110˙147 53412. 7 9.8522466% 116.174 
10.0053060{10122.92 5 e Ht 140 56.5 3206“ 10. 1478782 18 9.8 52121807114. 130 
4 I0,0050534jIO0117,.038 e 14060. 57306 % 10. 1480030 # 9.8519970i7 112.086 3 
1-4 10.0048007 10111.153 1 14064615 10. 148 1279 = vis 9.8510721}7 110.041 ; 
42 10.004 5480 10105-272]98:01 288 14068.605 10. 1482 529 20.83 9.851747 117 107-995 
43 10.0042953110099.394 ccc 472.777 1014937801006 9.8 5 16220 7105.945 
4.445 9-0040427110093.520 97˙9 14076.772 10.148031 Da 9.8514969 7103-901 3 
45 10.00 3790010087. 649 545 eee 14080. 831 10. 1486283 18 9.8513717 7101. 854 
467. 003537301008 1.782 97» 3 14084. 8936 10. 1457535 TY 80 9.8 512465 7099. 806 
47119-0032846[10c75.918197'7®333114088.958 10. 14887890, 009 ·85112117097.757 3 
48[10.0030320[10070.058 3 140g 3-028 2 05490088 e 9. 85099572098. 207 
49 10.0027793 1000420 14097. 1006. 210. 1491298 20.919 85087 7093-057) 
go[10.0025266[10058.348 97* 14101.177|,7 [10-1492554\, 0 9419 .$507446 7091.607 
51110.0022740c|10052.497 3 14105. 25788 10. 14938 10 10. 9. 2806 7089.5 56 : 
52 10. 00202 13010046. 65109751 14109. 340 10.149 067 3 26.8 55049337087. 504 
53010. 0017680010040. 8079743333 14113. 427 > 10.1496325 LR 9.8 503675, 7085. 451 
54 10. o0 15160 100 34.965 <a 14117.517 10. 1497883 20.96 * 85024177883. 39 : 
5 5 10.00 12633 1529.737048 — 1412 1.612 10. 1493843 3 9.8 501157708 1.345 
5610. 00 1010/10023. 298007 of Fx 1412 5. 709 1.1500 103½ f. 0009 ·:84998977079·291 
57110.000758c{10017.46g|97*% 14129.81C 10. 1501363 3 984986377077. 236 
58 To. 005053010011. 642 3 14133915 10. 150262 5 2 9. 9497375 7075. 180 
5910. 002 5271005. 819 {Sr 14138.024 8 10. 15038877 3 9. 84961137073. 124 
60j10.00000C0|10000.000 e Iu 14142.136 10. 1505 150 e 9. 84948 5070 1-065 , 
IL. Tang. N. Lang. —— Co- fecants L. Sine N. Sine 


45 DEGREES 


— 


So Gl 


UD) — 2 — 


T AB L 
00 
NATURAL and LOGARITHMIC 


VERSED - 'SINES, 


T O EVERY 
DEGREE and MI N U T E 
Or THE 
QUADRANT. 
RADIUS being 10000. 


[ 
[ 
N — — 9 — * 
2 » 2 
A HTS. — # 


g © Deg. 1 Deg. Deg Z Deg. SE al f-+ 
NF. V. fine L. Ver. ne L. V. fine L. Ver. ſine N. V. fine L. Ver. ſine E. V. ne L. Ver. ſine ver = 5 | 
E — | 001. 52 306. 1827137 [0006.92 wo OO13.705[7-13 E 
ee. 574197 e 196.9 1945 1013.85) pe w_ x 
e, 84822 1.62616. 211193 06.29616.7990963|| 140117146463 4 
„ -— pagers + 71.679 6.22 509 12] O6. 400. 80618610 14.165 ve 1512219 JP 

cotta ee eee o6:505/6.8132185|| 14.320.559 542 4 

| 4 0.007 3.83 ee 1. 7876.2 522360 06.6 106.8201944 14.4767. 1606609 5 

nne 1. 8436.26 549680] 06.7 1606. 82717147 14.633716 53422 6 
6f 0.0154. 1827246 1 | F 7 

7 pa ip rang . 3 e — 14-056 7.1746297| 8 
| . 29142 , : 
| x $094 e How: | ond 6.3041088 27.406. 8475 50 15.109½.1292365 5 
4 re 6 2.07 3ʃ6.3 166033] 97-149[6.8542572]] 15.269 3-34 ct, 85 

. [ 1 6 . . 1 11 

11] 0.051/4.7698072|| 2.13Y6.328923 = ma 5 + N67 - en i ee, 12 
2 £09747 _ NT 0907.48 316.8940714/ [0015.7 5507.1974228[13] 

— — — 5c S I WOULD /» * 0 2 
4. PT Saks os 1 9 6.3648689 07. 5966.8 8057688 15919/72019 104 14 
e p47 44. 2.3 806.376 5275 7. 106. 8870340 16. 083%. 206375015 
er 6614 2.4446. 38803 17 97.8246. 8934434/ 16.24972108 1671 
4 . 399387 66. % 6.48.8355. 

| 4 if Is 21 2 
18} 0.137|5.1369663 2.57416.4105948| — >. 775 5 9577525 on 45 3 bl 
-640|6.4216 ; : wy 

l 3 08.29 106.9186183] 16.918[7.2283597|20 
4 4,1872759 2:7766.4433722]| . 44624790 17.088[7.2326g06/27 
10 1 4 (2 4416-4. 54929 98.530 6.930 724 17.258 1 2 f 
MN ee + i2D146.404 580 03:05019-9370317h}, F7:43917-241833 1295 
x "#4 $3493 * 2.98 506. 2[|__03.77216.9430837]| 17-602[7-2455551[24 

2 24453808430 985 $2992 D 
. eee N 057 ö. 0 294. Pat + 
45 A e 995, 3 eee 09.0176. 9 5 50627 17.948 l 26 

. . 60] 09-141[6.9609907]| 18.12317.25 hy 27 

TV 

a * 4 o O 2 

<6 TY 3557 . 361 6.525 1780 89896 572265 18. 47517 2 = 9 
2. 8 586 2 3820 18.783828. 227285 

2 5.609 7427 053. 50g 6.544479) [0009.64516.9843063|[0018.830/7.2748508[31 
44 Wap e 5,0091427| $116 644 09.7736. 9900387 19.0097. 2789 56332 
1 4242 334 1 09.9026. 99573340 19.1897. 2830425033 
led 3238|6.37z8509þ| 45.58.11 19-30917-257 1095134) 
«> BD v- 8055 135 A 3-818[6.53318418]| 4b. 163. 00012 10 19.550[7.2911576 55 
35] 1 574554 3.8996. 590936 5 10. 2947.0 125969 19.7337. 2951869 36] 
30) — 5 8 0003-980 — 99369 [010.427.018 1461000 19.9 167. 2991975037 
37 2 281 215 22 6.85884 4 10. 560%. 0236600 20.100/7. 3031897138 
3% op Jef 4.24 66.676 1.84%. 40360“ 184% 3716369 
39} 1 0-64413-3085 468) | 4-14 6283046 1.4 ).634 58 580 0470173111294 
40 4 0.674 5.855837 ; part 6.6350337}} 10.9657. 0399946 20.6573 15057241 
411 0.7115.8519848 36 Sf} 11.101 7.453719 [ 20.844|7.3189773[42 

142|__ ©-746[5.8729154||___4:497[6.643 5907 eee 8 
N O04. 48865 011. 239%. 0 50% 6 ; 
1 58933535 IEG 6878 11.3777. 0560276 21.221 7.326764 44 
4⁴ 2 1 4.66406. 6687671 11. 5 167.0613068 21.411. 330632245 
45] 82 5.93284 4.7 5306. 6769996 11.6 567.066 5 540 21.601 7. 334482746 
49] 8.83.5825 4.848 6.68 51347 17.797 7.178598 25.79 3.338376 147 
48 85 . L eee 7% 232 L 22 458 
: 616,.0068070| [0005.026[6.7012389||0012.081[7.,0821082|[0022.179]7-4459325149 
49j0001T.0CI6|6,000807 11906. 709 1706 12.22 5 7.872316 22.3737. 349715950 
50 1.0 586.0243 546 * 1949-709 22.5677.3 534328051 
| ee Ck 5.212[6.7170305|| 12.369.092 3249] 22-507[7-353 5 

151 1. 04 2 05.6.7248 199 5 Baske. 975 22 7 63 735723348 * 
eee 7 24228 23.96%. 36% 53 
153k 21. | 8749654 e 6. 019021 12.806 11 23.157 7.3646863 544 
{cal 1.234 6. o 1208.492806. 740 19 55727955 DE roma ers yu BY 
— 80 806. 00 12.9547. 11 a 554 
55 . * "a png dhe T3-102[7,1173527|| 23455517-3720757|56] 
566 1.327 6. pop 4h 5.79116.7627520|| 13.2527. 12227280 23-755|7+-3757469|57 
1 5.8906. 77014360 13.402. 1271652 23-95517-3794027|58 
588 1 224372 8.9926. 7774728 13.5530.1320302 e 591 

— 6.168 1756 N = 7 235 . 3 26% 

1120 793 137 | _ 6,092 6.7847406! 13.705 f. 136868 — 3 5917+3 — 


Z 4 Deg 1} cr: 6 Deg. 7 De Deg: * 
NF. Vünc fL. Ver. ne] N. V. ſine L. Ver. ſine N. V. ine|L. Ver. fine N:V.fingLk, Ver. ine. 
0j0024.359|7-33866683 (0038.053|7.5803891| 00 54.781 7.7386303| 0074+ 5387.823806 
100024. 56307. 390278 5 038 307. 58 327780 [0055.08647-7410375| 0074. 8937. 874443601 
2] 24.767 7. 39387300] 38.562 7.586 156600 55. 3917.74343800[ 7524978768017 
3 24.9727. 39745390] 38.8 177.5890263] 55.6977. 7458319 [ 756007. 878 55 50 
44 25.1787. 40101960] 39-074 7.59 18864 56. 0047. 7482192 75.9637. 8806033 
5 25.38 5.404576 39-33117-5947379|| 56.3 127.7 5059990] 76.32 1.882649 5 
6] 25.59217-4081072]| __ 39-58917-597 5783] | _ $6-62117-7529742||__76-682[7-8846856 6 
71002 5.801] 7.4116293| [0039-848ſ7-6004103] [0056.939]7-7 553419] [0077-041 7.8867 196 7, 
| 8] 26.010j7-4151372 40.108|7-6032331 57.2407.7577031 77. 4017.888487 80 
9] 26.2207. 41863 110 40.3697: % 468 57.5527. 7 ] 72.763.890 773209 
100 26.4317. 4221109 40.6307 · 6088 513] 57.864 77624064 78.1267.89 2792801 
11] 26.64 307.4255768 40.8937: 6116468 58. 177/7. 76474850 78.489|7.8948078|1% 
12] 26.855 7-4290288 | 41-156|7-6144.333 53.490[7-7670843|] 78.853|7-8968181 12 
1300027. 069. 4324673 [041.420.6172 109 58. 80 57.7694 138 [0079.2 187. 8988238012 
144 27.28 307.4358921 41.68 507.6199796 59.1207. 77173710 796584[7-9008248174 
15 27.4980). 43930350] 41-95117-0227395 59.4377. 77405410 79.951.902 82 12055 
160 27.7 147.4427075 42 217.62 549 59.7 547.7763649] 80.318.908 2309 
17] 27.93 1½7. 4460862 42.48 507.62 823300 60. 0727.778696 80.6867. 9068002017 
[18 28.149, 7-4494578 42.753|7-0309668 60. 3907. 7 809682 8.055 7.90878 292 
190028. 3677. 4528163 (0043. 02076336920 [0060.7 107.7832609 0081. 42607.9 10761018 
200 28.5877. 4561619] 43.292/7. 6364086 61.031778 5 5472 81.7967.9127346020 
22] 28.8077. 4594946] 4356307.6391167 61.3 527.7878276] 82.1687.91 4703802 
22 29.0287. 46281460 43.8357. 64181644] 61.6747. 79010200 82.541½7.9166684½˙ 
23] 29-259; 7.4661219]| 44+10717-644.5078 61.99717-7923705|]- 82.914|7.9186286]23; 
{2 29.472 17. 46941660 44.3807. 647 1908 62.3217.7946331 83.2887.9 20584424 
2 50029. 6967. 4726989 [0044.65 57.649865 5 [002.645 7. 7968897 [oo8 3.6637.922 5358024 
26 29.9207. 47 59688] 44.930). 6 52 5320 6297 1½7. 7991405 84.6397 924482720 
127] 30. 1467. 4792264 4520507. 6 5519030] 63. 2977.801385 84.416|7.926425 3/27 
280 30.3727.4824719 45.48 27.6 578404]][ 63.62 57. 80362466] 84.7947. 92836362 
129] 30. 5997.48 57 52 45.760. 6604825 63.937.808 5800 85.172½.930297 589 
30 30.822 2.489265 46.03%7.6631166 64.28 17. 80808 566[ 85.55 1/7.9322271029 
3131.05 507-4921359 046. 3177.665747 [0064.6 117. 8103075 ſood 5. 9317.9341 523031 
132] 31.28 507.4953335 46. 5977.668368] 64.942078 125237 86.3 12½.936073403 
[33] 31-515]7-4985193]| 46.878.679 7110 65.273078 1473430 86.6947.9379901ʃ33 
34] 31.7467. 5016934 47. 160%. 67357350] 05-605[7-3169392|| 87.077.939 90275. 
35 31.9787. 5048 560 47-443|7-6761682 1 93807. 81913860] 87.46007. 9418120035 
136]__32:21117-5080071]| 47-72617-6787550[1 06-272 7-$213323]| $7.845[7-9437151136 
137]0032.445|7.5111468] |0048.010 76813342 066.6077. 8235205 o088. 230.9456 50037 
138] 32.6797. 51427510 48.29 57.68 39058] 66.943782 57032 ][ 88.6167.9475 107038 
139] 32.9157.5173923]][ 48.58 107.6864697] 67.2797. 82788044] 89. 0037.949402 3039 
40] 33.15 1/7. 52049820 48.8687. 6890260] 67.6167. 8300522] 89. 3907.95 1289840 
[42] 33-38817-5235931|| 49.156769 15749] 67.95517-8322185|| 89.779½7.953 1732071 
4 _ 33-026|7-5266769|] _49-44417-6941162|| 68.29417-3343794|| _90-16317.9550525|42 
[+3|0033-36517-5297498|[0049-734/7-6966 502, Ges. 653 7-8365349] [0990-558|7:9569276/43 
44] 34-105|7-5328119|| 50.024.699 1767 68.97417-83386851]| 90.94917.9587988[44 
45] 34-34517-5358632]| 50. 317.7016959] 69-31517-8403299|| 91.341/7.9606659|45 
14.6] 34-586[7.5389038]| $0.607]7.7042078 69.658 7-842969%5||  91.734|7.9625290 46 
47] 34.8297. 54193380 50. 8997. 706% 124% 7. oo. 8451037 92. 127%. 964388004) 
48] _35:07117-5449532]|__51-193[7-7092098{| 70-34517.38472327|| 92.822 7.966243 10458 
490035. 3157.547962 10005 1. 48 7/7. 7 117 . 690%. 849356 5 o. 9177.968094 45 
50 35.8607. 509697 $1.78317-7141832|| 71-03517-8514751]| 93˙3 137.9699414 
510 35.8057. 539489 52.0797. 7166592 71.382.853 588 5 93.710. 9717846050 
52] 36.0527. 55692688] 52.37 57.719128 71.7297. 85 569680] 94.107%. 9736239052 
53] 36.2997. 5989460] 52.673772 1590 72. 078.8577998 94. 506½. 975459353 
54 36.947 75628 5222.972724 | -72-42717-$59898c|| 94.90517.9772908154 
55,036. 7967. 5657998 [053.277.7249 30.00.7767. 86199 10005. 306%. 979118455 
15%] 37.046½7.5687373 [ 53-572[7-7289341|} 73.127½7. 8640789] 95707. 9809422 50] 
157] 37-296]7.57166;0|| 53-$7317-7313033|| 73-479]7-3661618|] 96. 1099827622057 
58 37-548[7-5745828|| 54-17517-7337958\| 73-83117.8632397|| 96.511]7.9845782 58 
50% - 37:800[7:5774908]| 54.4777. 7362164] 74.1847. 8703 126 46.9 15½.986390 55% 
loo! 238.0637. 580389 [[ 24.781. 738603]. 74.5387. 8723806[L 974319 228295 60 


8 Deg. || o Deg: || 10 Deg. 11 Dez. 2 
| IN. V. finqL. Ver. fine! N. V. fine[L. Ver. fine] . tine, L. Ver. ſinẽeſ N. V. ſine L. Ver. nne 
222.3 19 75 0123. 1178.903166 0151.92208. 18 16220 0183.72:8.2641757| © | 
10097. 72 57. 9900038 [o123. 5728.09 1920301 52. 42808. 18 30648 fo 184.2 848.2654867 1 
2 098.13 107.99 18047] 124. 0288.09 3 52 100 152.9 3418. 184 50 5 10 184.84008. 2667957 2 
2 098. 5387.993600 124.48 608.0951188 153.442 8.18 59431 185. 397]8.268 1028] 3 
4 98.945½7.99 539550] 124.943 8.0967 136 153.9 508.1873786 185.95 508.2694078 4 
5g. 3 547.9971853] 125.402 8.098 3055 154.4588. 18881180] 186.5 148.2707109 5 
6999.763299 897 130 125.8628. 998944 154.06 808. 1902426 182.07 30822201190 6 
70100. 17408. 00097 53710126. 32208. 1014804 0f 55. 47908. 19167100 [o187.6348.2733111ʃ/ 7 
8 100. 58 58.002 532 5 126.7848. 103063 5 155.9908. 1930971] 188.19 508.2746082 8 
| of 100.9978. 0043076] 127.2468. 1046437] 156. 50208. 194 52080] 188.7 578.2759035 9 
ro 101.4108. 00600 127. 70908. 10622110] 157.0158. 19594210] 189-320[8.2771967[10 
Ir 201.823 8. 0078468 128. 17308. 1077955] 157. 52908.19736110] 189.88408. 278488011 
12 102. 23808. 0096 1100 128.6378. 109367 10 158.0448. 1987778 190. 44808.2797774/12 
1300102. 65 308.01137160[0129. 10308. 11093 580158. 5 5908. 200 1921019 1. 0148.28 1064913 
14 103. 0698.013128] 129.5698. 112 507] 159.0768. 20 160420] 191.5808. 2823 50414 
15 103.48608.0 1488220] 130. 03608. 1140647 [ 159.59 308.2030139] 192.147[8-2836341]15 
x6} 103. 9048.0 166 32 10 130. 50408. 1156249] 160. 11108. 20342 130] 192.7 1508. 2849158016 
{r7] 104. 32 38.018378 5] 130.9308. 11718230 160.6308. 20 58264] 193. 28408. 2861956017 
180 104. 7428.201213 137.44 08.118230 161.15c 8.272293 [_ 193-853]$-2874735|18 
19 705. 16208. 0a 28609 f0131.9 1308. 12028870167. 670,8. 2086298 [0194424 |S. 2887495019 
20 10 f. 584 9.023 596 5 132.38 508.1218377] 162.19. 8.2 100281 194.99 508. 29002 36020 
21] 106. 0068.02 532890] 132.8 578.1233840 162.7140821142410[ 195. 5678.29 12958021 
22 106. 4288.270578 133. 33008. 1249274] 163. 23708. 2 128179] 196. 1408.292 5661022 
[23] 106. 8 528.0287833] 133. 80408. 126468 10 163.76 108.2 142094] 196.7 148.2938 346023 
24/ 107-277j9-0105053if 134-2758 $.1280061|| 164.285|8.2155987|} 197.288]8.2951012[24 
2 510107.702j8.0322259|j0134 754}8.12954713(0164.811[8.2169857]|[o197.864[3.2963660[2 5 
26 108.128 8.0339391|| 135-230 42320730 165. 3378.218370 5] 198.44008. 2976289026 
7 108. 5 5 508.03 56 5081] 135. 70%8. 13260360] 165. 8648.2 1975310 199.0178. 2988899027 
288 108.98 308.0373592] 136. 18 58.134130 166:392[8:2211334|| 199.59 58.300149 1028 
29] 109.4 1208.039064 3 136.6648. 135655 10 166.92 18. 22251160] 200. 1738. 3014064029 
300 10 . 84 108.0407659 137. 1448. 13717680[ 167.45 108.2238875 200. 75308. 3026619 39 
3100110. 2725.424642 [0137.62 5 8. 13869 58 [0167.98 108.2252613 [o201.3338.3039 156031 
320 110.7038. 0441592] 138. 10608. 1402 121 168.5 138.2266329] 201.9148. 3051675032 
33 111.135 8.c45$509|| 138.58 808. 14172 58 169.04 58. 22800230] 202. 4968.306417 5/33 
34 131.56818.0475393|| 139.0 108.1432368] 169.57 808.2293695] 203.079|8-3076657134| 
35 172. 0028. 0492243] 139.55 58. 1447452] 170. 1128. 2307345 203. 66308. 3089122035 
36| 112.436(8. 8.0509061|| 140-040[8.1462510|] 170.647 $.2320974 204.248[8.3101568 36 
3710312.872 8. C52 5846[0140. 52 5 8.47754 0171.1828.233458 100204. 8338.311399637 
| 38 113. 30808. 0 542 59%] 141.0128. 1492 546] 171.7 158.2348 167] 205. 4198.3 12640638 
; 39 2213.745|8.c 5593190] 141.0998. 150% 525 172.256]8.-2361732]| 206.006|8.3138798139 
400 114. 18 308.0576007 141.9878. 1522475 172-794 8.237527 5[[ 206. 59408.3151172ʃ40 
41 174.62 28.0 592663 142.4768. 1537405] 173-332 82388797] 207.182 8.3163 529047 
42 775.0618. 06092860 142.9658. 15 52 30% 173.8728. 2402297 207.7728. 317 5868042 
4300115. 508.062 5878 0143. 45608. 1567182 [0174.413824 15777208. 36208. 3 188 189043 
| 44} 115.94313.06424381} 143.9478. 1582032 174-954|5-2429235|| 208.9538. 3200493044 
of 116.38 508.06 58966 144.4398. 15968 57 175.49608. 24426730] 209,54 58.32 12779045 
46 116.82 808.067 5463] 144.9328. 16116560] 176.039 8.24 56089 210. 13808. 322 504746 
47] 117-272 8.069 1928] 145.4268. 16264300] 176. 58 308.2469485 210.732[8-3237298 47 
480 177.7 168.0708362 145.92 108.1641178 177.1278. 24828600 211.326 8.3249 532048 
4900118. 1628.024764 0146.4178. 1655902 0177.607308. 24962 144[0211.92 108. 3261748049 
50 118.60808. 07411360 146.9 1308. 1670600178. 2 1908.2 509547 212.5178. 327394750 
51 119.06 08.0% 57476 147.4108. 168 52730 178.7668. 2522800 213.114ʃ8. 3286128051 
52] 119. 5038.077378 147. 9088. 16999210 179-3 148.2536152] 213.7128. 329829252 
53} 119.9528. 0790065 148.407 $.1714545|| 179.863 8.2549424][ 214.3118. 331043953 
54 120.4018. 0806313 148.407|$.1729144 180.413 8.2 5626250(⁰ 214.9 108.3322 56954 
50 120.8 52 8.8422 5310[0149.407 8. 1743718[o 180.963 8.57 590600215. 5 108.3334682 55 
56] 121. 30308.08 382180] 149-909 $.175S267|] 181.515 5.2589117]} 216.11108. 3346778056 
57 121.755]8.0854275 | 150.411]8-1772792|| 182.067 8.2602307j| 216. 51308.33 5885705) 
58 122. 2088.082100 [150.914 8. 1787282] 182.620ʃ8. 2615477] 217.31608. 337091852 
59 122.6628. 0887099 | 151.418 8.180 1768 183. 17408. 2628627] 217.9208. 3382963 59] 
bol 123.1121 g. O66 | 151.9221. 1816220 183.72 88.264117 57I 218.5248. 220400 10650 
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0218. 5248.339499 102 56.299 8.408747 5 0297. 438.4728 189 340.2428. 53242 53 


1 


02 19. 12908. 3407 [oz 56. 9 54. 8.4098 5 56 0297.7478.4738472 341.49 5/8. 5333844 
219.73 508.3418997 257.6 108.4109622 298.45208.4748742 342.2498. 5343423 
220.342(8.3430975]| 258.266½.412067 50 299. 1588.47 ff 343.004 8.53 52992 
220. 9 508. 34429360 258.9238413 17130 299.86408. 4769246 343.760 8.53625 51 
22 1.55808. 34548800 259.581 841427360 300. 57208. 4779480 344.5 168.5372098 
222. 16808. 34668080 260. 240 8. 41537460 301.280 8.478970 348-2748. 5381635 
0222.77 88. 34787 1900260. 90008. 4164744 0301. 9898.479990 0346.03208. 5391161 
223. 3898.349064 261. 5618.417573 302. 6998.48 10107 346.791 8. 5400677 
223. 00 108.3502492 262. 22208. 4 186690 303. 409848202910] 347.5 5108.54 10182 
224.6 71308.35 143 54 262.884 8.497644 304. 12 108.48 30464 348.3 1108.54 19676 
111 225. 2278.3 526200 263.547]5-4208583]| 304.833 8.484062 5 349.073 8.5429 160 
2225-8418. 3 538029 264.2 1108.42 19 508 395-54713-4850773| [_349-$35[8.5438637 
13 0226.4 568.3549842 0264. 8768.42 30420 0306. 2608. 48609 10 ſoʒ 50. 598 8. 5448096 
114 227.072 8.3 561639 265.54118.4241318 306.97 508.487 1034 351.3628.5457 548 
15 222.689 08.3 573419 266.207]8.4252201 30 . 69 108.4881147] 352.127 8. 5466990 
16 228.308.3585 784 266.87 508.4263072] 308.407 8.489 1247] 352.892 8.5476422 
] 77] 228.92 508.3 5969320 267.542 $.4273928|| 309. 12 508.4901336 353.6598. 548 5843 
478] 229. 5448.360864 268.2 1108.42 84770 309. 84308.4911412 _354-4261[3-5495253 18 
790230. 1648.362038 102 68.881 8.4295 599 03 10. 5628.492147 9355. 1948.5 504654 
120 230.78 508.3632081 | 269.55118.43064.14|| 311.281 $.4931530 355.9638.55 14044 
21 231.4078. 3643765 270.22 308.4317216 312. 00208. 4941572] 356.732 8. 5523423 
22 232.0308. 3655434 270.895 8. 43280040] 312.72 308.495 1601 357.503 08.5 532793 
23 232.65 308.3667086 271. 5688.433878 313.4458496 1679 358.274 §. 5542 1 52 
_ [24] 233:277]8:3678723][_272-241[8:4349539]| 314-168 $.4971625|| 359.468.555 1 500 — 
25 [o233. 90208. 3690344 0272.9 1608. 4360286 0314.89208.498 1619 03 59.819 8.55608 39 25] 
26] 234.528 8.3701950 273-59118.4371020 315.6178.499 1602 360.593 8.5570167| 26 
{7 | 235-15518:3713539]] 274.678.438 71740] 316.342(8.5001573 361.367 8.33425 27] 
28] 235.78218-37251141] 274-944[8-4392447 317.0698. 5075320] 362. 7408.558879 3028 
29 236.41108. 3735672 275.622 8.4403 1410] 317.796 8. 502 1480 362.9 198.5 59809129 
2.222.408. 32482 15 276.301 8.441382 10 318.5248. 503 1416 353.60 508.5605 379 30 
31 0237.670ʃ8. 37 59743 0276.9 808.4424488 319.2 5208. 50413417 364.473 8.56766 56031 
132] 238.30 18.377 71255 277.66 108.4435142 319.9828. 505 1254 365.2 528.562 5924 32 
[33] 238.932[8-3782751]] 278.342 $.4445783]| 220.7 1208. 506 11 56 366.03 7J8. 5635181033 
| 3+] 239.56 508.3794232 279. 02408.44 564 10 32 1. 44308 · 500 1046] 366.8 178. 56 12934 
35 240. 19 88.380 5698 279.706 5.446704 322.175 8.508092 5[| 367. 592 8.56 53666 35 
30] 240:832[8-3817149| 280.39c[$.4477625 322-908[5.5090792[] 368. 37408. 5662894 36] 
37 19241.467[8.3828584 0281.07415-4488213 0323.642[3.5100648 0369.T57 8.567211] 37}: 
38] 242. 1038. 3840004 28 1. 76008.4498788 324·37608. 51104930 369.9008. 5681378038 
39 242. 7408.38 514090 282.446 5.45093 500] 325.112 8.5 120326 370.72 808. 56905 16 39 
140 243.377J8.3862799 283.1330845 719898] 325.848 8.5 1301480 371.510 8. 5699704 40 
47] 244.01 5/8. 387471740 283.820 8.45 30434] 326.585 8.51399 59 372.296 8.570888 141. 
EEA. 8998.454957 327.322 08.5 1497 58 _373:283[5-5718049[42 
+3 0245-294]8-3896878|10285, 198[3.4551467|[0328.067 3.3159546|[0373:370]8.5727207143|- 
44 245.93 508.3908207 285.8888.4561964 328. 8008.5 169 324 374.6 588.5736355 44 
[+5] 246.577]8-3919522lf 286. 579[8.4572448[| 329.541 9.577208] 3784480857454 45 
46 247.2 1908.39 30822 287.271 845829200] 330.282 85188844] 376.238 8. 5754622, 46] 
480 247:362[8-39421071| 287.96413.4593378[| 337.2 308.5298 588 377.2808 3783741045 
2248. 50608.39 53277 288.6 578.4603824 _337-766]3-5208320]| 377. 82008. 57728 50 48 
790249. 15708. 396463202 89.357 8.40142 5703 32.5 108. 52 18042 0378.61 308.578 19 50 49 
57 259-79719-397 58731] 29.48. 4624695 333.2 548.5227752 379.4068579 1039 50 
51 250. 4448.398798 290.74208.463 508 5 333.999 8.523745 380. 20018. 5800119 51 ö 
5257.59 18.39983 70 291.43918.464548c}| 334-745 8.5247 140 380. 99 508.5809 789 52 5 
5% 257-739]5-4009 506 292.13708.46 558630 335.49 208.5256877 381.7908. 58 182 50 53 0 
]54|_252-388[8-4020688|] 292.83 508.4666233 _336-239]8-5266494]] 382.58 78.5827301 54] j 
]55]9253-038[8.4031855 0293:534[8.4676590 0336.98808. 5276139 6383.384 8.586342 55 
56 253.6898. 404 3008 294.234 8.468693 5 337.778.528 5784 384.1828.5345 374/56 
| 57 | 254:340[3:4054147]| 294.935 9.469727 238.48708.529 5477 3384-98115. 5354396] 57 | 
53 | 254-992[8-406527oſl 295.637/8.4707587]|*339-238/3.3303040 385.781/8.5863409| 58 J 
255-64515:4076380ff 296. 3398.47 19894 | 339.9898. 5314652 386.582 5872472 599 | 
256-29918-49874751| 297:04318-4728189![: 340,242 $-5324253]- 337-383]8-5881406' bo [- | 
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9.58 13386 
95815988 


3415-294. 
3417-484. 
3419-674 
3421.865 
3424-056 
3426.248 


9.5334291 
9.5337065 
9.5339847 
9.5342628 
9.5 345408 
9.5348187 


342 8.440 
3430-633 
3432-826 
343 5-020 
3437-225; 


3439-410, 


9.5350965 
9.5353742 
9- 5356518 
95359293 
95362067 


95364839 


3547-645 
3549-868 
3552-091 
3554+315 


13550-539 


3558.764. 


9. 5499402 
9:5502122 
9.5 504841 
93597559 
9.5510276 
95512992 


3681.961 
3684.2 16 
3686.472 
3688.728 
3690. 985 
3093-242 


3560.989 


3563.215 


3505-441 
3567.668 


—_—_— 


3569-596}. 
3572.124099. 


9.551570 
9. 5518420 
95521133 
9.523845 


5529265 


369 5. 5o0 
3697.758 


3700.01) 


3702. 276 
55265550 


3794-53619 
3706.79b 


9. 5660792 
9.5663451 
9. 5666109 
9.5668766 
9-567 1423 
9.5674078 


3818.202 
3820.4.89 
3822.776 
382 5. 064 


3827.32 
3829.64 


9.5818 589 
9.582 1190 
9.5823789 
95826387 
9.582898 5 


9. 5831581 . 


9-5676732 
9.5679385 
9.5682037 
9.5684688 
3687338 


9.56899 87 


** 


3831931 
3834. 220 
3836.5 1711 


3838.802 


3841. 093 


95834176 
9583677105 
9.5839364 
95841957 
95844549 


3843.38 5 


9.5847 139 


957216992 


_— ae) 


OO 00 [ra ws [0 54 "ui | 


52 


Deg. 


53 Deg. 


N. V fine 


3845678 
3847-971 
3850.264 
3852-558 
3854-353 
3857-14819 


3859-444 
33861.740 
3864.036 
3866. 334 
368.631 


3870.929 


387 3-228 
387 5-527 
3377-82719 
3880.127 
3882.428 
3884-730 
3887.031 
3889.334 
3891.637 
389 3-949 
3896.244 


3898.8488 


3900.8 53 
3993-159 
3995-465 
3997-771 
3910. 078 


39 12.386 


3914-094 


2 3917-002, 


3919-311 
392 1.621 


3923-931 


3926.242 


9.5865247 


9:5924417 


L. Ver. ſine 


9.5849729 


9.58 523180 


9.58 54905 
9.857492 
9. 5860078 

9.5862663 


9.58678 30 
9. 5870412 
9.5872993 
9.5875573 


9-5879153] 


9.5880731 
9.5883308 

588 588 5 
9.5888460 
9.589 1034 
9.5893608 
9.5896181 
9-5898752 
9.5901323 
95953893 
9.5906461 


9.59115y6 
9.5914162 
9.5916727 
9.5919291 
9.59218 54 


9.5926978 
9.5929538 


9-5934656 
9-5937214 
9:5939770 


3343-335|9-5347139 


9-5909029] 


N. V. une 


— 
398 1.8 50 


L. Ver. ſine 
9. 6000849 


3984.173 


3986.497 
3988.821 
3991-146 
3993-473 


3995-798 


3998.124 
4000. 451 


4002. 779 


4005. 107 
4007-435 
4009.764 


9.6003 382 
9.600 59 14 
9. 6008446 


9.60 10977 
9.60 13506 


9.6018 563 
9. 602 1090 
9.602 3616 
9.6026141 
9.602866 5 
9.6031188 


96016035 


4012. 094 


[4014-423 


4916.754 
4019.085 
4021417 
422 3-749 
4026.081 
4028.414 
4030.748 
403 3-082 
4935-416 
4937-251 


[4040.087 


4042-423 
4044-759 
4047-096 
4049-434 
4051.772 


9.6033710 
9.6036232 
9. 60387 52 
9. 6041272 
96043791 
9. 6046308 
9.604882 5 
9.6051341 
9.6053856 
9.6056370 
9.60 58883 


96063907 
96066417 
96068927 
96071436 
9.6073943 
9.607 6450 


I 


9.6061396 


5+ 


4124.50 
4126.3 55 
4129.2 10 
4131.565 
4133-920 
4136.276 
4138.633 
4140-990 
4143-348 
4145-706 
4148.064 
4150-423 
4152.783 
4155-143 
4157+593 
4159-864 
4162.226 

164.588 
166.9 50 
4169-313 
4171.677 
4174-041 
4176.405 


4131.136 
4183. 502 
418 5.868 
4188.235 
4190. 603 
4192-970 


N,V* fine 
4122.147 


4178.20 


Deg. 


L. Ver. tine 


946153714 
9.6156192 
9.6158669 
9.6161146 
9.6163621 
9.6166096 
9.6168569 
9.617 1042 
9.617354 
96175985 
96178455 
9.6 180924 
9.6183392 
9.618 5860 
9.6 188326 
96190792 
9-61932 56 


9.6198 183 
9.620064 5 |4 
9. 6203107 
9.6205 567 
9. 6208026 
9.62 1048 5 


96212943 
9.62 15400 
96217855 
96220311 
96222765 
9.6225218 


1 


9.6151235| 


9.6195720 


55 


4264-236 


N J. line] 


L. Ver, fine 
9.62984.12 


4266.619 
4269.002 
4271.386 
4273771 
4276.156 
4278.541 
4280.927 
428 3.314 
4285.701 
4288.088 
4290.4.76 
4292.36419 


9.6 300838 
9. 9303364 
9.0305638 
9. 4251755 
96310535 
9.63129 57 
96315378 
9.631779 
9.6320218 
9-6322637 
9.632 5035 

6327472 


4295-253 
4297.643 
4300. 032 
4302. 423 
4304-813 
4307.205 


9. 6329888 
96332303 
96334717 
96337131 
96339543 
9.634195 


[4327-503 


4399-597 

4311.989 
4314-381 
4316.775 
4319.168 


4323-957 
4326.352 
4328.748 
4331-144 
4333+ 541 
4335-938 


9-6344366 
9-6346776 


96351594 
9-6354001 


9.63 58814. 
4/34 


9.0366026 


9.5932098| 


3928.553 
3930.864 
3933-1706 
3935-489 
3937-502 


3940-116 


3942 43⁰ 
3944745 
3947-060 
3949-376 
3951-692 


48 [3954-009 


3956.326 
3953-644 
3960.962 
3963.281 
3965.600 


54 3967.920 


3970. 240 
3972-561 
3974-383 
3977-205 
13979-527 


bo13991: 350 


9.5942 326 
95944881 
9-594-7434 
95949987 
95952539 
9.528822 


9. 59 57640 
9. 5960189 
9.5962737 
95965285 
95967831 
222 0—＋c—— 
9.5972921 
9.597 5404 
9.597800 
9.5980 549 
9.598 3089 


9.5988 168 


9.599070 


95993243 


95995779 
9.5998314 


9-598 5629] 


40 54.111 
40 56.450 
4058.789 
406 1.129 
406 3.470 
406 5.811 


4068.153 
4070-495 
4072.837 
407 5.181 


477.524 
4079. 868 


4082.2 13 
4084.5 58 
4086. 904 
4089.2 50 
409 1. 596 
4093-943 


9.6078956 
9.6081461 
9.6083965 
9. 6086468 
9. 6088971 


9. 6096472 
9.6098971 
9.6 101469 
9.610396 5 
9.610646 


9.6111451 


9.6113944 
9.6110436 


9.6118928 
9.61214 18 


9.609 1472 
9.609 3972 


9.61089 56 


4096.29 1 
4098.639 
4100.988 
4103+337 
4105. 686 
4108.036 


4110.387 
4115. 090 
4117.442 
4119-794 


9. — 


9.6 123908 


9.6126397 
9.612888 5 


96131372 
9. 5133855 


9.0130 343 
9.6138827 
9.6141311 
9-0143793 
9.6140275 
9.6143755 


4195-339 
4197-708 
4200.077 
4202.447 


4204.817 


4207. 188 
4209. 560 
4211.93 
42 14-304 
4216.677 
4219,050 


42214424 


4223-799 
4226. 173 
4228.54 

4230. 924 
4233. 300 
4235-077 
4238-054 


[4240.4.32 


4242.810 
4245˙189 
4247-568 
4249-947 

: * 6 1 
42 52.32 d 
42 54.708 
42 57.089 
4259-471 
4261.853 
142 64- * 


96227670 
96230122 
96232573 
9.623 5022 
96237471 


96242367 
9.6244813 
9.62472 58 
96249703 
96252 147 
96254889 


9.625703 


9-62 59473 
96261913 


9.62643 52 
9.6266791 


9.627166 5 
9.627410 
9-676 536 


96278970 


9.628 1403 
96283836 


[4359-330 


9. 6260228 


96286267 


9. 6288698 
9.6291128 


9.6295935 
9. 6295412 


96293557] 


4339335 
4340-733 
4343-132 
43454531 
4347-930 


4352.7 30 
4355131 
4357-533 
4359-934 
4362.337 
4304-740 
4367-143 
4369-547 
4371.91 
4374355 
4376761 
4379-166 
4381.572 
4383-979 
43836,386 
4388.794 
4391.202 


4393-610 


4.396.019 
4398-425 
4400. 838 
403.249 


96373231 
96375631 
9.6 378030 
9.6 380428 
9.638282 5 


95387678 
9.6390012 
9.6392406 
9-6394800 
9.0397192 


9.-0401974; 
9.0404.364. 
90406753 
9.6409 141 
96411528 


9.6416 300 
9.641868 5 
9. 6421068 
9-642 3452 


9. 6428215 
— ——_ 


96432975 
96437732 


405.660 
5 — 


963491850 


9.63 56408 


9-0363623]2 


9.63684290 
9.63208 30 30 


9.638 5222 


96399 583042 


9.641914 
— — 


9. 642 58 34 
9.64 30 590 
9.643534 
9.6440 1097 


© Ga Rt 0 9 


10 


Un 
nd 


4-1 22,147 


9:0151235] 


. 


2 


3 


r 


2. — 5 


[ 


[ 


—— 


4408.07 I 


56 Deg. 


57 Deg. 


55 Deg. 


50 Deg. 


N. V. fine] L. Ver. ſine 
9. 6442486 


|: 


4553-010 


V. Ver. ſine 


N. V. Sine 


9.65835 58 


4700. 80% 


4410. 483 
4412.895 
4415-308 
4417-721 
4420. 135 


96444861 


96451983 
96454355 


4422-549 


9.6456726 


9.6447236 
9.6449610 


4556.049 
4558-490 
450.931 
4563.372 
4565. 
4568.2 56 


9.658 5884 


9.65882 10 


9.659053 5 
9.65928 58 


139.5595182 


9-6597504 


© © Fre w lo! un 


4424-964 
4427-379 
4429-794 
4432.2 10 
114434. 627 
12 4432.44 


96459097 
9.646 1467 
9.6463836 
9.6466204 


9.6468571 
9.6470937 


4570.698 
4573-141 
4575-535 
4578.029 
4580.473 
4582.918 


9-6599325 
9.6602 146 
9.66044 66 
9.6606785 
9.6609103 
9.6611421 


1314439-461 
144441879 
154444298 
16 4446.77 
174449136 
18 14451.556 
19 14453-9706 
20 14456.397 
21 4458. 818 
224461. 240 
23 4463.662 
2414466. 85 
2514468, 50809. 6501625 
2614470.931 
2714473-355 
281447 5-780 
2914478.205 
394480. 6 30 


96473303 
9.647 5667 
9.647 8031 


9.648394 
9.64827 57 
9.6485118 


4585-363 
4587.809 
4590-255 
4592-702 
4595-149 
4597-822 


96613737 
9.66 16053 


96618368 
9. 6620683 


9. 6622996 


9.662 5309 


9.6492 197 
9.64969 13 


9.6 508687 


96513391 


9648747904 
9.64898 39 


9.64945 56 
9.6499269 


9.6503980 
9.6506334 


9.6511039 


—— 


4602. 493 
4604-942 
4607.392 
4609.842 
4612.292 


459.6627621 
96629932 
96632242 
9.66345 52 
9. 6636860 
9.66 39168 


4703. 274 
4705. 742 
4708. 2 10 
4710. 678 
4713-147, 
4715-617 
4718.086 
4720.557 
4723-027 
4725-498 
4727-970 


47 50.234 
752.710 
47 55-187 
47 57.664 
4760.141 


L. Ver. ſine 


9.672172 5 


9.6724003 
96726281 
9. 6728558 
9.6730835 
9.6733110 
9.6735385 


9.6737659 
9.6739932 
9.6742205 
9-6744476 
9.6746747 


N. V. fine 
4849619 


1.. Ver. fine 
9.68 57076 


48 52.113 
48 54. 60% 
48 57.101 
48 59.596 
4862.092 
4864. 587 
4867.084 
4869. 5 80 
4872.07 
4874-575 
4377-073 
4879-571 


9.05 59 309 
9.6861541 
9.6863772 
9. 6866002 
9.6868231 
9.68 70460 
9.68 72688 
9.68 74915 


96877142 
96879368 


96881593 
9.688 3817 


4730-44219-0749017 
4732-91519-67 51287 
4735-387]9-6753555 
4737.86 109.6755823 
4740.33 567 58090 
4742. 80909. 67603 56 
4745.28 309.6762622 
4747.759967 64880 


9.6767 150 
96769413 
9.6771676 
96773937 
96776198 


14382.070 


4884.569 
4887. 069 


4892.70 
4594-571 


4889. 569 


9.68 86040 


9.6888263 


9.689048 5 


9.6892706 


9. 6894926 
96897146 


4897. 7 
4399-574 
4902.076 
4904-579 
4907.082 
4909. 5 86 


96899365 
9.69015830 


9.6903801 


9.6908233 


9.6910449 


9.6906017| 


4614-743 
4617.194 
4619.646 
4622.098 
4624-551 
4627.004 


9.6641475 
9.6643781 


9.664 6087 


9.6648 392 
9.66 50696 


9.66 52999 


4775-014] 


31448 3.0 56 
32448 5. 482 
33 4487. 909 
344490.337 
3514492.764 


37 14497.621 
3514500.050 


+1 [4.507.341 
4214529-772 


9.6527483 


9.651574104629.457 
9.65 1809200463 1.911 
9.652044 11146 34.366 
9.6522789 
9.6525136 


4636.821 
4639.276 
4641.732 


9.6655301 
9.6657603 
9.6659903 
9.6662203 
9.6664 502 
9.6666801 


9.6536861 


43145124207 
44 4514.63 5 
4545 17.068 
464519. 501 
+7 4521.934 


79452 6. 802 
59 [4529-237 
5114531.672 
524534 108 


53 4536.54 
88.289 


55 [4541-417 


58 14543-3855 
$7 [4546-293 


9.6543887 
9.6546227 


9-06550904 


9.6529829 
9653217404 
96534518 


9.6539204 
9.6541546 


9.6548566 


4644.188 


14649.102 


46 54.018 


by 51.560 
4656.477 


9.6669098 
9.6671395 
9.0673691 
9.6675986 
9.66782871 


9.6680 574 


4804. 8og 


468.935 
[4661.395 
4663.855 
4666.315 


9.6553242 


9.65602 50 
9.6562585 
9.6564918 
9.6 567251 
9-6569583 


9.688822 
96557915 


4668.77 
[4671-237 


9.6682867 
9.668 5159 
9.66874 50 
9.6689741 


9. 6692030 


9.66943 19 


4676.161 
4678.624 
468 1.087 


468 3.550 
4686.0 14 


9. 6695607 
9.669889 5 
9.6701181 
9.6703467 
9.6705752 
9.6708036 


3 
4765. og 
4767.57 6 
4770-055 
4772-534 


4777-495 
4779-976 
4782.45) 
4784-939 
47874421 
4789.904 
— 2.28. 
4792.387 
4794-870 
4797-354 
4799-839 
4802.324 


4807.295 
4809.781 
4812.257 
48 14.754 
4817. 242 
4819.730 
4822.218 
4824-707 
4827.196 
4829.686 
4832.176 
48 34-667 


0.67784 58 
9.6780717 
96782976 
9.678 5234 
96787491 
96789747 
9. 6792002 
9.67942 57 
9.6796511 
9-6798764 
9. 88070170 


9. 6803268 


9.68055 19 
9.6807769 
9.68 10018 
9.68 12266 


96814514 


9.68 16761 


9.68 19007 
9.6821253 
9.682 3498 
9.682 5741 
9-6827985 


9. 6830227 


9.683249 
9.68 347 10 
9.68 369 50 
9.68 39189 
9.6841428 
9.684366 5 


49 12.090 
4914-594 
4917-099 
4919.604 
4922.110 
4924.616 


4927-123 
4929.630 
4932-137 
4934645 
4937-154 
4939-662 
4.942.172 
4944-681 
4947-191 


4949. 702 


4952.212 
454.224 
4957-235 
4959-745 
4962.26c 
4964-773 
4967.287 
4969.801 


9.6912663 
9.6914877 
9.6917090 
9.6919302 
9.6921513 


9-692 3724 


9.692 5934 
9.692814 3 
9.6930352 
9.6932559 
96934766 
9-0936973 
9.6939178 
9.694 1383 
9.6943587 
9.6945790 
9.694.7993 
9.6950194 
9.6952396 
9.6954596 
9.6956795 
9.69 58994 
9.6961192 
96963390 


4972.3 15 
4974-830 
4977-345 
4979-860 
4982.376 
4984.3893 


9.6965586 
9.6967782 
9-6969977 
9-6972172 
9-6974.365 
9-6976558 


9-6574245 


$8 4548.731 
59 /14551-170;9.65381231 
60 '4553:61019-65B35 581,4700-807 


9.6571914 


4688.479 
4690.94 3 
9.6576 57444693. 409 
9-6 5789030469 5.875 


96710319 
9.67 12602 
9.6714884 
9.6717165 
96719445 


96221725 


4537.158 
4839-649 
4842.141 
4844-633 
4847.126 


4849-619 


9.6845902 
9.6848139 


9-6850374 


9.68 52609 
9.68 54843 


4987. 409 
4989.927 
4992-444 
4994-963 
4997-481 


9.68 57076 


Sooo. ooo 


9.69787 50 


96980942 
96983132 
9.698 5322 
96987512 


9.628970 


10 
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] 


60 Deg. 


61 Deg. 


62 Deg. | 


dd... att. tt. ren. „ 
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10 


N.V. fine V. fine I. Ver. fine 


N. v, ſine]L. Ver. ſine 


5002. 519 


5OOO, — 6989700 

9. 6991888 
500 5. 399.6994075 
5007. 5 599.6996271 
50 10. 08009. 6998447 
50 12. 60 19. 7000631 
50 15. 12 309.7002816 


5151. 90492119677 
5154.448097 121822 
5156.993097 123965 
5159.5 3809.7 126108 
5162.084097 1282 50 
5164.630097 130392 
$167.17619-7132533| 


5017.64 5,9-7004999] 
5020. 1679. 700% 182 
5022. 6909. 7009363 
502 5. 21309. 7011545 
5027.7369. 7013725 
50 30. 26009. 7015905 


5032.78 509.7018084 
5035.3 109. 7020262 
5037.83 50.7022439 
5040. 3619. 7024616 
5042.88 709.7026792 
304432228252 


5047. 940.9. 703 1142 
50 50. 46809.7033316 
5052. 99597035489 
505 5. 52497037661 
50 58.0529.7039833 
5060. 58 19. 7042004 


5169.72309˙7134673 
5172.270097 136812 
5174.81809.7138951 
5177. 3669.7 141089 
5179914143226 
$182.46319-7 145362 
5185.01319-7147498 
5187.56219-7149633 
5190.112[9-7151768 
5192.66309.7153901 
5195.2 149. 7156034 
5197.76 509.7158166 
5200. 3 179.7 160298 
5202. 8699.7 162429 
520 5. 42 109.7164559 
5207. 9749.7 166688 
5210. 5289.7 168817 
5213.08 109.2120945 


L. V. ſine L. Ver. ſine 
5305-28419.7247087 
5307-853[9-7249189 
5310.422[9.7251290 
$312.99119-7253391 
97255491 
5318.13109.72 57 591 
Ze 
5323-27 3(9-7261787 
5325.844[9-7263885 
5328,41619.7265981 
5330.98819.7268077 
5333.5619.7270172 
5336.1349.2222267 
5338.707.7274361 
97276454 
5343.85 59.7278 546 
5 346.4299. 7280638 
5349. 00409. 7282729 
5351. 5809. 7284820 


5315.561 


5341.281 


63 Deg. 


— — 
N. v. ſine l. Ver. fine 


5460.09519-7372002| 


5462.68 7.7 374063 
546 5. 2799.737624 
5467.872[9-7378184 
5470. 46 509.7380243 
5473. 0599.738230 
5475-65319-7334359 


5478.24719-7336416 
5480.842|9-7333473 
548 3-43719-7 390529 
5486.03 319-7392 584 
5488.62819-7394638 
5491.22 509.2326692 


5354. 155.7 286910 
5356.73 19.7288999 
5359-308[9-7291087 
5361.88519-7293175 
5364.462[9-7295262 
5367.040[9-7297 348 


5506.810 


5493-82119-7398745 
5496.4.18[9.7400798 
5499.01619.7402850 
5501.6131[9-7404901 
5504-21119-7406951 

2.74000 
5509.409097 411050 
55 12.0089. 7413099 
5514. 6089.741514 
5517.208[9-7417193 
5519.80819-7419240 
5522. 40909242 1286] 24 


5073-233 
5075.764 


5063.11119-7044174 
506 5. 64 109.7046344 
5068. 17109. 7048513 
5070. 70209. 70 50681 
9.70 52848 
9-7055015 


5215.6369.7173072 
5218. 19009.7175199 
$220.74.519-7177325 
5223. 3009.7 129450 
522 5. 8 569.7181575 
5228.412097 183698 


5369.6 189.7299434 
5372. 1969.7 301819 
5374+-77519-7303603 
5377.3 549.7305686 
5379.934097 307769 
5382.5 1409. 3098 52 


5525.01009.7423331 
$327-61219-7425375 
5$530-21419-7427419 
5532.81619-74294 62 
5535-41919-7431505 
5538.022[97-433 54-7] 39 


5078.296 9.7057180| 
5080.82919.-7059346 
5083.362[9.7061510 
508 8.89 59. 7063674 
5088.4289.706 5837 
5090. 9629. 2067999 


5230.969097 185821 
5233-52619-7187944 
5236.08 309.7 190066 
5238.64 19.7 192186 
5241.199097 194307 
5243.7 5809.219426 


5096.032 


509 3.4979. 7070160 
9.707 2321 
5098. 5679. 7074481 
5101. 1039. 7076641 
5103. 6399.708799 
5106.12 50-2080 57 
5108.7 129.7083115 
5111.2 509.708 5271 
5113.78 89.7087427 
5116.3269. 7089 582 
5118.864709 1736 


5246.317798 545 
5248.8 7609.7 200663 
5251.436 9.7202781 
52 53.9969. 204898 
52 56.5 57 97207014 
52 59.11809.7209129 
5261.67919-7211244 
5264.241972 13358 
5266.803[9-7215471 
5269.36619-7217 584 
5271.92919-7219695 
5274-492|9-7221807 


5385. 09497311933 
5387.67 519-7 314014 
5390. 2 569.7316094 
5392.8389.7318174 
5395. 420097320252 
5398.00219-7 322331 
5400. 58 509.7 324408 
5403. 1689732648 5 
5405.7 5219-7 328561 
5408. 33 509.7330636 
5410.92009˙.7332711 
5413. 5049.324785 


541 6.09009. 73368 58 
5418.67 509.7338931 
5421.2 6109. 7341003 
5423.847097 343074 
5426.4.34(9+7 345145 
5429.02 109.7347215 


5540-62 809.7435588 
5543 2299.743768 
5545˙833˙7439668 
5548.4389. 7441707 
5551-043[9-744.3746 
5553-64819-7445784| 30 


5$556.254[9-7447821 
5558,860[9-7449857 
5561.466]9-7451893 
5564-07 309.7453948 
5566.68119-7455963 
5569-28919-7457997 
571.8969. 746000 
5574. 504097462063 
5577-11319-7464095 
5579.722[9-7466126 
5532.332[9-7468156 
5584-941|9-7470186 


5121. 40309. 7093890 
5123. 943097096043 
5126.48 309.7098 19 5 
5129.02 309.7 100340 
5131.564097 102497 
5134.10 59.7 104647 
5136.646097 106797 


5277.0 569.7223917 
5279. 62009. 7226027 
5282.18 59.7228 136 
5284.7 509.7230244 
5287.3 159.7232352 
5289.88 109.7234459 


5139.188097 108945 
5141.7 3009.7 111093 
$144+27 319-7 113240 
5146.8 169.7115387 
5149.3609.7117532 
5151.904 9-7119677 


5292.4479.723656 5 
5295. 0149.7238671 
5297.58 109.7240776 
5300. 14809. 7242880 
5302. 7169. 7244984 


5305-28419-7247087 


5431-60819.7 349284 
5434-196(9-7351353 
5436.784|9-7353421 
5439-37 319-7 355438 
5441-96219.7357555 
5444+55119-7559021 
5447-14119.7 361686 
5449-73119-7363750 
5452-32119.7 365814. 
5454-912[9.7367878 
5457-593[9-7 369940 
5460. o9 50.7 372002 


5597-996 


5587.5 529.7472216 
5590. 162097474244 
5592.77309.7476272 
5595.38 59.747 8299 
97480326 
5600. 6080974823254 


5603.22 197484377 
5605. 8 349.7486402 
5608. 4479. 7488426 
56 11.0609. 7490449 
56 13.6749. 7492472 

616.28919-7494494 
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Deg. 
L. Ver, fine 


5618.903 
56215 18 


3626,49 
5629.366 
5631-982 


5034-599 
5637.216 
5639.834 
5642.452 
5645. 70 
5647. 680 
56 50, 308 
5652.9 28 
565.547 
56 58.1768 
5660.88 
56563. 409 
5666.0 30 
5668.6 52 
5671.274 
567 3.397 
5676. 519 
5679143 
568 1.706 
5684.390 
5687.014 
5689.6 39 

5692.264 


30 3654 $39 


5624.134097 5005 36 


2494424 


9.749676 
9.7498 536 


9.7 502576 
9.7504 595 
9. 2808613 
9. 7508630 
9.7 510647 
9-7 512663 
9.7 514679 
9-7 516694 
9.21820 
9.7 520721 
9,7 522734 
947524746 
9-7 536758 


"Deg. 


N. V. * L. Ver. on 


9.7614630| 


5773-817 


$776.454 
5779-091 
5781.728 
5784.366 
5787.004 
5799-642 


9. 7616613 
9.761895 
97620577 
9,7622557 
9.762453 
9 7626517 


9.7 528769 


9-7532789 
947 534793 


9.7533814 
9.7 540821 


9.7 546839 


9+ 282222 
9.7 536806 


9.7542828 
9,7544833 


5792.281 
$7 94-980. 
$797-559 
5800. 199 
5802, 839 
5$05.479/ 
5808. 120 
5810.76 
5813.403 


58 16.0449 


5818.68 
5821.329 
5823.972 
5326,615 
5829.259 
533.903 
5834-547 
5337-192 


9.7628496 
977630474 
9.7032452 
9.7634429 
9.7636405 
9.76333834 
9.76403 56 
9,7642330 
9,7 644304 
7646279 
9 7648250 


97652193 
97654164 
97656134 
97658103 
9 7660072 
9.7 662040 


9.268222 
| 5983.286 


5932-634[9-77 3247.5 


66 Deg. 


L. Ver. fine 


N. V. tine 


5935.2919.7734420 
5937.949977 30365 
5940, 6079. 7738308 
5943 26697740252 
594 5-92519-7742194|| 
53951.24419.7746077 
5953-904(9.7748018 
5956. 56419.77499598 
5959 22519,775+898 
596x.8$619. 7753836 
5964 5479.775775 


9.7543843 
9.7550847 
9.7 552550 
9.7554853 


5839-837 
5842.483 
5845128 
5847.774 
58 50.42 
585 3.068 


9.7 664007 
9.7665974 
97667940 
9.7669906 
q 7671871 
9 7673835 


$967.20919477 57712 
5969.87119.7759649 
5972: 533/9-7761586 
5975 196j9.7763521 


07 Deg. 


— — er eooeerorrernnennn— 
N. V. fine L. Ver. ſine 
9.848 og 


6092. 689 


609 5. 367 
6098.045 
6100,723 
6103.402 
6106.081 
6108. 760 


9.73849998 
9.7851906 
9.7853813 


9.7855720 


9.78 57526 


978595310 


6114. 120 


119.48 
6122.16319. 
6124, $44]3- .7870950| 


5977.859 
5980. 522 


5985.8 50 
5988 514 


5991 179j9.7775123 
947777055 
97778985 


5993-844 
5996.510 


5999-175 
boor,842 


9.7782845 


9.7765457 


9.7707 391] 


9.7769325 
947771258 
9.7773191 


6111.440/19 


6116. 801 


6127. 526 
6130, 208 
6132. 890 
6135˙573 
6138.256 


6140. 940 


6143.62 3 
6146. 307 
6148.99 
6151.676 
6154.361 
6157-247 


9.7 7872852 
9. 7874752 


9.787851 
9.780450 


9.788424 
9.7836143 


97888039 


9.788993 
97891830 


9.789372 5 24 


7861436 
9.863340 
9.786 5243 
97867146 
7869049] 


9. 7876652 ; 


9 7382348 


9.7780916 


6004 508, 7784774 
6007. 1759.778670 3 
5009. 84209.,7788630 
6012. 509.2790558 


6159,732 

162.418 
6165,105 
6167,79 
6170, 478 
6173166 


97895618 
97897512 
97899405 
9.7901297 
9.7903188 
9-7905079 


56974515 
5700. 14 
3702. 767 
3705. 394 
5708. 021 
929.642 
$713-277 
3715.905 
$718.533 
5721.162 
$723-792 
5726.42! 


9,7 556855 
9.7558856 
9.7560856 
9.78628 56 


9.75648 56 


9. 7568852 
9.75708 50 
97572847 
97574843 
9.757838 
9.75˙•8833 


9.75668 54 


5855785 
5858.462 
5$6x.010 
5263.658 
5866. 307 
5868.956 
5871.605 
$$74-255 
5876, 9o4 
5379-555 
5882.205 
5884.856 


9.7675799 
9.7677762 
9.7679725 
9.7681687 
9.7683648 
9.768 5608 
9.7687 568 
9.7689528 
9-7691486 
9-7 693444 
9.769 5402 
g9.7697359 


$729.051 


4 3737. 632 


5734-313 
57 36.944 
5739-575 


747-472 


| $7 50-10% 


5752.73 
Nn 
5758. 006 


$742. 20” 
| $744-339 


9. 7580827 
9.7532821 
9.7594814 
9.7586806 
9.7588798 
9.7 590789 
0-7592779 
9,7 594769 
9.7 596758 
[5,7 598746 


9,76007 34 
9.760221 


5760. 640 
5763, 27509 
5765.910 
5768. 545 
5771.181 


15773-3817 


9.7604707 

7606693 
97608679 
97610663 
97612647 
9. 2614630 


5887. 508 
5890. 159 
5892,81 
5395-464 
5898.117 
56900. 770 
59034423 
5906.077 
5908.731 
5911.385 
5914. 040 
59 16.60 5 
„ 
5922. 007 
5924663 
3927 319 
5929 976 


97699315 
9.7701271 
9.7703225 
9 7705180 
9.7707134 
97709087 


| 


601 5. 177% 7792484 
6017, 8459.779440 
6020. 5147796335 


6023. 182.7798260 


60² 5.8 5209.780084 
60285219. 7802 108 


6275.853 
6178,541 
6131.230 
6183.918 
6186.607 
5189.29 


2. 7906970 


9.79088 59 


97910749 
97912637 
97914525 


9-7916413 


6044. 545197813636] 


603 1.1910. 7804031 
6033 861.7805953 
60 36.5 320.7807875 
6039. 20209. 7809796 
6941.87319.7811716 


6047.21719.7815555 
6049 88919-78174 74 
6052.56119.7819392 
6055.234ſ9-7821309 
6057. 9079. 7823226 
6060 58119.7825143 


620 5.438 


162 10.822 


6191.986 
6194676 
619,366 
6200. 0 5 
6202 747 


5208. 130 


6213.514 
6216.206 
6218,399 
6221.592 


9.7918300| 


9.7920186 
9,7922071 
9.7923956 
9-792 5841 
9.7927725 


3-7929608 
9.7931491 
997933373 


9 7935254 


997937135 
927939918 


97711039 
97712991 
9 7714942 
9.7716893 
9.7713843 
97720792 


9.772274 
97724689 
9.7726636 
9.7728585 
9.77 39530 


15932.6 14 


— 


6068.60 39.78 30888 


6063. 25 59.7 8270 58 


6065 929.7828973 


6071.2780, 7832801 
6073 953 
6076 6299.78 36627 
6079. 30 809.7838539 
608 1.98 1.78404 50 
6084.65 % .7842361 
687.334 9 724427 
6090.0 1109.7846181 


9 7732475 


16092 68919. 848090 


97834715 


6224 286 
6226979 
6229,673 
6232.368 
6235.002 
6237.75” 


6246 453 
5243-148 
6245,844 
6248. 541 
6251,237 


9.7940895 


9 7942774 


9 7944653 
9.7940531 


9.7352161 


9.7954037 
947955912 
9.7957786 
9.79 59660 
7961533 


5233-93419 


9 7948408 
9.795028} 1 
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L. Ver. fine 


9 Deg. 


N. V. tine 


L. Ver. ſine 


— 
N. V. fine 


70 Deg. 


Le Ver. fine 


_71 Deg. 


N. V. N.V. fing 


L. Ver. fine 


10 


0 [6253-934 


52 56.631 


62 59.329 
62 62.027 
6264.72 5 
6267.423 
6270. 122 


6275-521 
6278.220 
6280.921 
6283.621 


6289.023 
62914724 
6294.426 
6297.128 
6299.8 30 
6302.32 


6305.23 5 
6307. 939 


6310. 642 


6313-346 


6316.0 50 


6318.24 


62 86.322 


9.7961533] 
2 
9.796 5278 
97967149 
9.79690 20 


97976498 


97980233 
9.7982 100 
9.22839 
9.798 58 32 
97987697 
97989561 
97991425 
9.7993288 
92998181 


6416.321 


9.8072860 


6579-799 


9.8182126 


9-79708g0} 
6: 9-7972760 
6272.82119-7974629 


9.7978366 


6419036 
6642 1.752 


6424-469 
6427.186 
6429. 903 
6432. 620 
6435˙338 
6438.56 
6440-774 


[9443-492 


6440.211 


6448.930 


6451.650 
6454-370 


6457. 090 


6459.8 10 
6402.531 
6465.252 


9.8083879 


9.8074698 
9.8076536 
9.8078372 
9.8080208 
9.8082044 


9.808 5713 
9.8087 547 
9. 8089380 
9. 8091213 
9. 8093045 
9.894322 


6 582.532 
6585. 266 
6588. 000 
6590-735 
6593-509 
6596.204 


9.3183930 
9.8185733 
9.8187536 
9.8189338 
9.8191140 
98192941 


6 598.940 
6601.67 5 
6604.41 1 
6607. 148 
6609. 884 
6612.62 1 


98194742 
9.8196 542 
98198341 
9.8200 140 
98201938 
9. 8203736 


6744-418 


6747.69 
6749. 820 


6752.71 


6755-322 
6758.074 


6760.82 6 


6763.58 
6766.3 30 
6769.08 3 
6771.836 
6774-589 
6777:343 


9.8291152 


9.8289381 


9.8292922 
9.38294692 
9.82964.61 
y.3298225 
9.3299997 
9.8301765 
9-8303532 
9.38305299 
9.8 307064 


9.831059 5 


9. 83088 30 


„ 


816846 "Tt 


9.8096708 
9. 8098 538 
98100368 
98102197 
9. 8 104026 
9818834 


6615.3 58 
6618.09 5 
6620.833 
6623.571 
6626.309 
6629.047 


98205533 


9. 8207330 
9.8209 126 


9.82 10922 
98212717 
9.8214511 


6780.007 
6782:851 
6785.605 
6788.360 
6791.115 
6793-870 


9.38312359 
9.8314x23 
9.8315886 
98317649 
98319411 
98321172 


97997013 
9.799887 5 
9. 8000735 
9.8002 596 


9. 8004456 


9. 80063150 


632 1.459 


6324164 
632 6.870 
6329-575 


6332.28 4 
306334288 


9.8008 173 
9. 80 10031 
9.8011889 
9. 8013746 
9. 8015602 
98017458 


6340. 401 
0343-109 
6345.816 
6348. 524 
6351.232 


6337.6949.8019313 


9.8021167 
9. 802 3021 
9.802487 5 
9. 8026728 
9. 8028 5 80 


6467-973 
6470.694 
6473-416 
6476.138 
6478.861 


648 1.584 


6484. 307 
6487. 030 
6489.754 
6492.477 
649 5.202 
6497-926 


9.8107 682 
9.810950g 
9.8111335 
9.8113161 
9.8114986 


9.8116811]| 


6631.786 
6634-525 
6637.265 
6640.004 
6642.744 
5645-484 


9.821630 5 
9. 8218099 
9.821989 1 
98221684 


9˙822 3475 
9.822 5266 


9.8118635 


98120459 
9.8122282 
9.8124104 
9.8125926 


9.8127748 


6500.651 
6503.376 
6506.102 
6508.827 


6511.553 
6514.280 


9.8129569 
9.8131389 
9.8133208 
9.8135027 
9.3136346 
9.8 138664 


6648.22 5 
66 50.966 
66 53.707 
66 56.448 
6659. 190 
666 1.931 
6664.674 
6667.416 
6670. 159 
6672. 902 
6675-645 
6678.389 


9.82270 57 
9.822884 
9.82 30636 
9.823242 5 
9-82 34214: 
9.82 36002 
9-3237789 
9-8239576 
9.8241362 
9.8243 147 
9.8244932 
246202 


6796.62 b 
6799-381 
6802.137 
6804.394 
6807.650 
6810.407 


6815.921 
6818.679 
6821.437 


6824.19 5 
6826.953 


6813.164| 


9-8322933 
98324694 
9.83264 54 
98328213 
98329972 
9-8331731 
9.8333488| 


22 
23 
24 
25 | 


9.3335246] 26] 


9.8337002 
9.83387 59 


98342269 


9.83405 140 


27 


6829.7 12 
6832.471 
6835.230 
6337.990 
6840.7 50 
6843.510 


9-8344024 
9.8345778 
98347532 


9.835107 
9.832282 


9.834928 50 


6353-941 


63 56.649 


6359.3 59 
0362.065 


6364.778 


42|6367.488 


9. 80 30432 
9. 8032283 


98035983 
9. 8037832 


6370. 198 
5372. 909 
6375. 620 
6378.331 
638 1.042 


48 6383.7 54 


9. 8041529 
9.8043377 
9.804 5224 
9. 8047070 
9. 80489 16 
9.80 50%62 


9.8034133 


9.803968 1 


6 5 17.006 
6519-733 
6522.460 
6525.188 
6527-915 
6530-643 


6533-372 
6536.100 
65 38.829 
6541.559 
6544-288 
6547-018 


9.8140481 
9.8142298 
9.8144 114. 
98145930 
9.3147745 


98149560 


95757374 
9.8153187 
9.8 15 500 
9.81568 12 
9.8158624 
9-8160435 


6681.133 
6683.877 
6686.62 1 
6689.366 
6692.111 
6694-856 


9.8248501 
9.82 50284 
9.8252067 
9-8253849 
9.8255631 
98257412 


— 


6846. 270 
6849-031 
6851.791 
6854-552 
6857.314 
6860.075 


9.8354 540 
9.8356291 


983580410 


9.835979 1 
9.8361 540 


9836328942 


6697. 602 
6700. 347 
6703. 94 
6705. 840 
6708. 587 


6711.33 


9.82 59193 
9. 8260973 
9.8262753 
98264532 
9.82663 10 
9.8268088 


| 6386.4.66 


6389-179 
6391.892 
6394-605 
6397.43.18 


64. 032 


9.80 52606 
9.30544531 
9.8056294 
9.8058137 
9. 80 59980 

8061821 


6549. 748 
65 52.479 


655 5.209 
6557. 940 
6 560.671 
6503.403 


9.8162246 
9.81640 56 
9.8 165866 
9.8167675 
9.816948 3 
98121291 


6402. 746 
640 5. 460 
6408.17 5 


64 10. 890 


6.1 3. 60 5 


6416.321 


9. 8063663 


9.806344 
9. 8069183 
9.807 1022 


9.8065 503 . 


9.80728 b 


6 566.135 


6568.867 


6571. b 
6574.332 


0577-065 


9.173098 
9-3174905 
9. 51767¹¹ 
9.878516, 
3. 8180322 


5579-79913-8182120 


0714.081 
6716.828 
67 19.576 
6722.324 
672 5.072 
6727.82 1 


6730. 570 
6733-319 
673.068 
6738.318 
6741668 


9. 8269866 
9.8271642 
98273419 
9.827 5194: 
9.8276970 
9.3278744 
9. 8280518 
9. 8282292 
9.828406 5 
9.828 5837 
9.828760 


—_— 


6744-318 


9.8289381 


1 — 


6862.837 
686 5. 600 
6868.362 
6871.12 5 
687 3.888 
6876.65 


6896.00 
6898.766 
6901.532 
6904. 298 
5907. 064 


5909. 830 


98370278 


6879.41 409. 
6882.117809. 
6884.94209. 
6887. 706 
6890. 47109. 
689 3.23609. 


9.365037 
9.836678 5 
9.8368 532 


9.83 372024 


9.8385973 
9.83877 14 


9. 8392939 


2.829474 


5838945513 
9.83911951 
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72 Deg. 


NF. V. ſine 


L. V. dne 


6909. 8 30 


9.3394674 


73 


Deg. 


74 Deg. 


7076.283 


N. V. ſine L. Ver, ſine 


9.84980 52 


N. V. ſine 


L. Ver fine 


7243-626 


9.8599560 


6912.597 
6915.364 
6918.131 
6920.898 
6923.666 
6926.4.34 


9.8396412 
9.8398150 
9.8399888 
9.840162 5 
9.8403361 
9.840509 


708 1.847 
7084. 629 
7087.412 
7090195 
7092-978 


7079.06519.8499759 


9.8501465 
9.8 503171 
9.850487 
9.8 505582 
9.8 508286 


7246.423 
7249-219 
7252,016 
9254-813 
7257.610 
7260.408 


9.8601237 
9,38602912 
9.8604588 
9. 8606262 
9. 8607936 
9.86096 10 


6929. 202 
6931. 970 
6934-739 
6937. 508 
6940.277 


[0943-047 


6945-817 
6948.587 
6951.357 
69 54.128 
69 56.898 
69 59.669 


9.84068 32 
9.8408 567 
9.8410301 
9.841203 5 
9.8413768 
9.8415501 


7095.761 
7098.545 
7101.329 
7104. 113 
7106.897 
7109. 682 


6.8 509990 
9.8511693 
9.8513396 
9.8515099 
9.3516800 


9.8417233 
9.841896 5 
9. 8420696 
9.8422427 
9.842457 
9.842 5886 


6962.44 1 
6965.212 
6967.984 
6970.756 
6973-529 
6976.301 


9.8427615 
9.8429344 
9.8431072 
9.8432799 
9.84.34.526 
9.84362 52 


7112.467 
711.252 
7118. 037 
7120. 823 
7123. 609 


[7126.395 


7129.181 
7131.968 
7134754 
7137-542 
7140. 329 
7143-116 


9.8 520203 
9.8521903 
9.8 523603 
9.8 525302 
9.8 527001 
9.8 528699 
9.830396 
9.8532094 
9.-38533790 
9.8535486 
9.8537182 
832222 


9.8 5 18 502 


7263. 206 
7266. 003 
7268. 802 
7271. 600 
7274399 
7277-198 
7279-997 
7282.796 
7285.596 
7288.395 
7291.195 
7293-996 


9.8611283 
9.86129 56 
9. 8614628 
9.86 16300 


9.8617971 
9.861964 2 


9.8621312 
9.8622981 
9.8624651 
9.8626319 
9.862798 
9.862965 5 


7296. 796 
7399-397 
7302.398 
7305-199 
7 308.000 
7310.802 


9.8631322 
9. 8632989 
9.863465 5 
9. 8636320 
9.863798 5 
9.86396 50 


6979-074 
6981.847 


6984.620 
6987.394 
6990.168 
6992.942 


9.84.37978 
9-8439703 
9.8441428 
9.8443152 
9.544487 
28446599 


6995.7 16 
6998.491 
7001.266 
7004-041 
7006.816 


7009. 592 


9.8448322 
9.84 50044. 
9.845 1766 
9.84 53487 
9.845520 
9.8456927 


7012. 368 
7015. 144 
7017.921 
7020. 697 
7023. 474 


7026.2 51 


7029.029 
7031.806 
7034-5834 
7037.362 
7040. 141 
242.919 


9.8458647 
9. 8460366 
9. 8462084 
9.846 3802 
9.8465 520 
92.84.2232 
9.84689 53 
9. 8470669 
98472384 
9.8474099 
9.8475813 


9.3477527] 


7145-904 
7148.692 
7151.480 
7154-269 
7157-058 
7159-847 
7162.636 
7165.425 
7168.215 
7171.005 
7173-795 


17176.585 


7179-376 
7182.167 
7184.958 
7187. 749 
7190. 541 
7193-333 


9.8540572 
9.8 542266 
9.843959 
9.8 545653 
9.8 547345 
9.849037 
9.85 50729 
9.8 5 52420 
9.85 54110 
9.855 5800 
9.555749 
98552129 
9.860867 
98562555 
9.8 564242 
9.8565929 
9.8567616 
9.8569302 


7913. 604 
7316. 406 
7319.208 
7322.011 
7324-313 
7327-016 


9.8641314 
9.8642978 
9.864464 1 
9.8646303 
9.8647966 
9.8649627 


[75 
N. V. une 


7411.8 10 


7428. 672 


745 1.162 


75 Deg. 
L.Ver line, 
98699243 


7414619 
7417-430 
7420. 240 
7423-050 
742 5.861 


7431-483 
7434-295 
7437-106 
7439-918 
74424730 
744 5-542 
7445-355 


7453-981 
7456-794 
7459-607 
7402.42 1 


(7479-306 


7496. 20 


7465-234 
7468.048 
7470. 863 
7473-077 
747 b. 492 


7482.121 
7484-937 
74874752 
7490. 568 
7493-3384 


9.8700889 


9.87074.68 


9-8710755 
9.8712398 
9.87 14040 
9.8715682 
98717323 


98718963 
9.8720604 


98722243 


9.8723883 


98725521 
98727159 
98728797 


9-87 30434 


9-$7 32071 
9-5733707 


98735343 


98736978 
9.87 38013 
9-8740248 


9-874.1d81} 
9-8743515 
9-8745147] 
9-$746780 


9.874.8412 


7330-419 
7333-223 
7336-027 
7338. 8 30 
7341-634 
7344-439 


9.3651288 
9.8652949 
9.86 54609 
9. 8656269 
9.8657928 
9.8659 586 


7499-016 
7501.833 
7 594-650 
7507-467 
7510.284. 
7513.101 


9-87 50043 


9.57 51674 
9-87 53304 
9.87 54934 


9.3756563 


9.87 58192 


9.8702 534 
9.8704179 
9.8705824 


9.8709112 
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7347-243 
7350. 048 
7352-853 
7355-658 
7355-464 
7:361.270 


9.8661244 
9.8662902 
9.8664559 
9.8666216 
9.8667872 
9.8669 527 


7515-919 
75184737 
7521-555 
7524373 
7527-191 
7530.010 


9.87 59821 


9-8764703 


9.8766329 
9.8707955 


7045. 698 
7048. 478 
7051.2 57 
7054-037 
7056.817 


54 [7959-597 


70624377 
706 5. 158 
7067.9 39 
7070. 720 
707 3.501 


9.847924 
9.84809 53 
9.848266 5 
9.8484377 
9.8486088 
9.8487299 
9.8489 505 
9.349121 
9.8492928 
9. 8494630 
9.849634 


7076.28; 


9.34980 52 


7196.12 5 
7198.917 
7201.7 10 
7204503 
7207. 296 
72 10.089 
7212.882 
7215. 676 
7218. 470 
7221.2 64 


7224-055 


222.853 


7229.64: 
73 33-444 
7235˙235 
7238.03 
7240. 8 30 
7243.2. 


9.8 570987 
9.8572672 
9.85743 56 
9.8 576040 
93577723 
9.857940 
9.858 1089 
9.8 582770 
98584452 
9.8 586132 
9.8 587813 
9.9589492 
9.8591172 
9.85928 51 
9.859452 
9.8 596200 
9.859788. 


9.8599 560 


7364-075 
7366.882 
7369.688 
7372-494 


734 3-393 
7378. 108 


9.8671182 
9.8672837 
9.8674491 
9.8676145 
9.867779 
9867945 


7532. 829 
7535-648 
7538-467 
7541.287 
7544-106 
7 546.926 


9.8769581 


9.8771206 
9.8772830 
98774454 
9.877607 8 
9827770 


98761449 
9. 8763076 


7380. 915 
7383-723 
7386.531 
7389.338 
7392. 147 
7394-955 


9.8681102 
9.86327 54 
9.8684405 
9.86386036 
9.8687706 
9.8659355 


7549-746 
75524597 
7555-387 
7558.208 
7561.029 


7563.850 


— 


7397-703 
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7406.19c 
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7411.8 10 


9.869 1004 
3.869265: 
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3.8697 590 
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9.8782 567 
9.8784188 
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98787429 
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9.8792286 
98793905 
98795522 
9.-8797140 
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24 8332.313 


3018349524 


80 Deg. 


N. V. fine 


L. V. fine 


8263.5 18 


9.9 171650 


8266.383 
8269.248 
8272.113 


8280.70 


8283.575 
8286. 440 
8289. 306 
8292.172 
8295. 039 
8297-905 


82749789.9177669 
8277.8 449.9179172 
919.91 80675 


9-9173155 
9.9174660 
9.9176165 


9.9182178 
9.9 183680 
9.918 5182 
9.9 186683 
9.9188 184 
9.918968 5 


8470. 142 


8300. 772 
8303. 638 
8306. 50 5 
8309. 372 
8312.2 39 
8315. 106 


9.919118 5 
9.9192684 
9.9195183 
9.919 5682 
9.91971 80 
9.9198678 


81 


Deg. 


844 1.402 
8444-275 


8450. 022 


8452. 896 


8455-770 


$461.518 


8464-393 
$467.267 


8473-016 
$47 5.891 
8478.766 
848 1.641 
8484.5 16 
8487. 392 


845 8.644 


N. V. une L. Ver. fine 


8435. 65 59. 9261188 
8438. 52 809.9262667 


9.926414 
9.926 5624 
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9.927 3008 
9.9274483 
9.9275958 


9.928038c 


9.9234799 
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9.928774 3 
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| "83 Deg. 


N. V. fine|L. Ver fine.| * 
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* 


* 
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8010.911 
8619.792 
8622.673 


8628.43 
8631.317 
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8637.081 
8639.962 
8642.844 
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99360771 
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864.726 
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86 57. 256 
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88 18.849 


8833.293 
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8329.444 
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8346.6 55 
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9.921512 5 
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8490. 267 
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